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REPORT OF PROGRESS IN THE STUDY OF 
ENGINEERING EDUCATION. 


BY C. R. MANN, 


Carnegie Foundation for the Advancement of Teaching. 


The chairman of this Committee and others have expressed 
their confidence that a great deal of good will come from this 
study. This seems probable for two reasons. One is that it 
is being guided by so able and so devoted a committee. The 
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other is that the schools have welcomed the study and shown 
a hearty willingness to cooperate in every possible way. 
Under such conditions, how can anything but good result? 

Last year it was reported that the study was being carried 
on under four heads: 

First, a historical study, for the purpose of defining the 
meaning of the words ‘‘ American engineer.’’ 

Second, a study of the professional demand, to determine 
what it is that the professional engineer expects the school 
to achieve. 

Third, a study of the schools in detail, with an analysis of 
their work with reference to the demands of the engineering 
profession. 

Fourth, an investigation into objective methods of testing 
school work ;—of finding out whether men are competent to 
enter the engineering schools; and how effective the work is 
when measured by its results. 


I. Tue Historica BACKGROUND. 


The basis of the American system of education was laid by 
the general court of Massachusetts in two acts passed in 1642 
and 1647, respectively. These state that the aim of educa- 
tion should be to secure four concrete ends of great value to 
the church and the commonwealth. These ends were, for the 
church, that every one must (1) learn to read the Scriptures 
and the catechism, and (2) have the free opportunity of 
entering the ministry through the grammar school and the 
college; for the commonwealth, that every citizen should 
learn (3) the capital laws of the colony, and (4) some gain- 
ful occupation. 

At the time that this legislation was enacted the only oc- 
cupations open to graduates of the college were those of 
minister, teacher and gentleman. The great majority of the 
people, including physicians and lawyers, learned their trades 
by the apprenticeship system. Therefore the responsibility 
for their education was divided between the schoolmaster and 
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the master of apprentices. The schoolmaster was ‘‘to teach 
all such children as may resort to him to write and reade’’; 
and be ‘‘able to instruct youth so farr as they may be fited 
for the university.’’ The master of apprentices was to train 
them ‘‘in some honest lawful calling, labour or imployment, 
either in husbandry or some other trade profitabie for them- 
selves and the Commonwealth.”’ 

This division of the function of education between the 
schoolmasters and the masters of apprentices was inevitable 
under the social and industrial conditions prevalent in the 
colonies. In time, however, schools came to be regarded as 
constituting the whole educational system, and the fact that 
the training of every one to some ‘‘gainful occupation’’ is 
one of the important justifications of taxation for public 
education was forgotten. The magnificent service which the 
schools have rendered in conserving ideals in America is 
fully described in the standard histories of education. But 
the industries and mechanic arts, which have rendered a no 
less magnificent service in expressing American ideals and 
developing the American spirit, have received but scant 
recognition as essential elements of the national system of 
education. Since the industries and the mechanic arts have 
laid the material foundations of the United States and created 
the demand for engineers, it is not possible to understand 
engineering education without at least a brief sketch of the 
development of the demand that training in the practical arts 
be reinstated as one of the four essentials of a complete 
education. 

The industrial history of America begins even before that 
of the schools. The first ship built by white men on this side 
of the Atlantic was launched in 1607 at the mouth of the 
Kennebec. A tannery was established at Lynn in 1629. In 
1640 the General Court of Massachusetts directed the magis- 
trates to consider ‘‘what course may be taken for teaching 
the boys and girls in all townes the spinning of yarn.’’ By 
1690 the American weavers of woolen cloth had become such 
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successful rivals of the British weavers that Parliament passed 
the Woolens Act which forbade the colonists from transport- 
ing woolen goods from one place to another for the purpose 
of sale. 

“In 1718 a great stir was created in the town (Boston) by 
the arrival of a number of Irish spinners and weavers, bring- 
ing the implements of their craft. Directly the spinning craze 
took possession of the town and the women, young and old, 
high and low, rich and poor, flocked into the spinning school 
which was set up on the common in the open air. Prizes were 
offered for the best work and the enthusiasts went about 
proudly clothed in the homespun products of their own 
hands.’’ 

A special town meeting was held at the town house Septem- 
ber 28, 1720, at which it was voted ‘‘that the Town will pro- 
ceed to the choyce of a committee to consider about promoting 
of a Spinning School or schools for the instruction of the 
children of this town in Spinning.’’ This committee recom- 
mended the erection of a suitable house and the employment 
of a weaver ‘‘having a wife that can instruct children in 
spinning flax, to take care of the school.’’ This project was 
not carried out till 1753 when a wheel tax was levied. £1,500 
raised, and the Manufactory House built for this purpose. In 
1765 the Daughters of Liberty resolved to wear only homespun, 
and the seniors of Harvard College agreed to take their 
degrees (1768) ‘‘dressed altogether in the manufactures of 
this country.”’ 

It is a well-recognized fact that the efforts of the British 
to crush American manufacturing industries were among the 
chief causes of the Revolutionary War. The only positive 
action of the first continental congress (1774) was its non- 
importation agreement, aimed at establishing independence in 
productive industry. After the Peace of Paris, under the 
confederation, each colony controlled its own trade. Because 
there was thus no concerted action with regard to industrial 
protection, England was able to flood the American markets 
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with foreign goods which were sold at prices with which home 
manufactures could not complete. American industry was 
paralyzed, money became scarce in America, and the working 
men were idle. 

To meet this situation, associations of mechanics and trades- 
men were organized in various parts of the country. These 
took an active part in the struggle for the ratification of the 
constitution in the ardent hope that a federal government 
would be able to protect and encourage American manu- 
factures. In this they were not disappointed, for the first 
act of the consolidated government (1789) was a statute for 
the joint purposes of ‘‘raising revenue and protecting manu- 
factures by laying duties on goods, wares and merchandise 
imported.’’ The first federal patent law was passed in 1790. 

Not only were the manufacturers protected from foreign 
competition by the federal tariff, but they were also en- 
couraged by financial aid from state legislatures. A bill levy- 
ing taxes for the support of associations for the promotion of 
agriculture, manufactures and the useful arts was introduced 
into the Pennsylvania state legislature in 1798. Other states 
followed suit, but the first to vote funds for this purpose was 
New York. In 1819 an appropriation of $10,000 a year for 
two years was made. This state support led to the establish- 
ment of twenty-nine county societies for the promotion of 
agriculture and domestic manufactures during the two years. 

This protection of American industry by the federal tariff 
and by state support seemed necessary at this time because 
the use of machinery and the factory system had progressed 
further abroad than it had in this country. In order to main- 
tain this advantage, Parliament had forbidden the export of 
machinery to America. In 1788, however, Samual Slater, a 
mechanic who had had experience with the British machines 
escaped to America and built from memory similar machines 
here. Under his direction the first successful cotton mill 
driven by water power was established at Pawtucket in 1790. 

The invention of the cotton gin by Eli Whitney in 1792, 
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the application of steam power to navigation by John Fitch 
(1790) and Robert Fulton (1808), the development of ma- 
chinery for threshing grain and milling fiour by Oliver Evans 
(1791-1804) gave great impetus to these several industries, 
and domestic manufactures advanced by leaps and bounds. 

Great difficulty was experienced in obtaining operatives as 
the manufacturers were ‘‘required to raise up an entire new 
set of workmen from amongst cur own Youth at a heavy ex- 
pence.’’ These operatives were poor children seven to twelve 
years old whose parents had been able to give them small op- 
portunities for schooling. Therefore, in 1793, Slater estab- 
lished at his own expense a ‘‘Sunday School’’ where these 
children were taught the three R’s by students from Rhode 
Island College. These Sunday Schools were the precursors of 
the mechanics institutes. 

As the manufacturing industries developed and machinery 
came to be used more and more, the difficulty of securing 
skilled labor increased. Signs of exhaustion of the soil also 
began to make it evident that more intensive and scientific 
methods of farming must be introduced. In 1818 there was 
published ‘in the Gentleman’s Magazine the first account in 
English of the Fellenberg industrial school at Hofwyl, 
Switzerland. The Hofwyl school was first established as a 
charitable enterprise for the education of poor children. Its 
work was such a marked success that the children of the rich 
soon sought admission too. Its aim was the development of 
character by all round training. Careful attention was given 
to physical health and to recreation by change of employment. 
Time was judiciously divided between books and the work of 
caring for the place. Sound morals were inculcated through 
good books, good environment, self-government, no prizes, and 
mutual confidence among instructors and students. The plan 
and methods of this school seemed so well suited to the needs 
of the situation in America that a similar school was estab- 
lished the next year by Josiah Holbrook at Derby, Connecticut. 

This school was not a success, but the idea spread; and in 
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1823 the Committee on Agriculture of the New York Legisla- 
ture made a report in which the establishment of a state school 
of agriculture was urged. The institution was to be modeled 
after the Fellenberg school to consist of (1) a model farm; 
(2) an experimental farm; (3) a manufactory of implements 
of husbandry; (4) a school of industry and mechanic arts; 
(5) a boarding school; and (6) an institute of theoretical and 
practical agriculture. Arguments were adduced to show why 
such a school would benefit agriculture, commerce, manu- 
factures, the morals of society, the revenues of the state, and 
politics. 

This report closes with the remark ‘‘The Hon. Stephen van 
Rensselaer has offered a gratuitous deed of the lands required 
for the use of the institution.’’ The legislature failed to 
adopt the report and the next year van Rensselaer proceeded 
to carry out the project alone and founded the Rensselaer 
Polytechnic Institute, the first engineering school in the United 
States. The methods of instruction introduced into this 
school by Amos Eaton, its first director, were original and 
somewhat different from those of the Fellenberg school. 

At this same time the public schools reached, according to 
the histories of education, the low water mark of their 
efficiency. 

The year 1824 witnessed the inauguration of another enter- 
prise which has been of far reaching usefulness to technical 
education. Samuel V. Merrick inherited that year a machine 
shop in Philadelphia. He soon discovered that he could not 
manage it intelligently without some knowledge of machinery. 
Although the University of Pennsylvania had in 1816 ‘‘ created 
a new department to be devoted to the study of natural sci- 
ence,’’ and although five professors were still holding chairs 
in that department, Merrick was unable to get the kind of in- 
struction he needed. He therefore decided to establish a new 
school. Professor Keating of the university department of 
applied chemistry joined in the venture. This combination of 
Merrick’s need with Keating’s knowledge proved effective. 
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The Franklin Institute was established. One of its first stu- 
dents, a bricklayer named Thomas U. Walter, designed the 
dome of the Capitol at Washington. 

From 1825 to 1860 the industries developed rapidly. 
Canals and railroads were built, the McCormick reaper, the 
sewing machine and the telegraph were invented, and the 
Atlantic cables were laid. The west was settled, the federal 
finances prospered, and state school systems were developed. 
Every new stage of advancement in material prosperity and 
every new invention served to intensify the demand for 
greater knowledge of science and greater skill in the useful 
arts. This national demand had become so insistent by 1857, 
that it could no longer be ignored. The Morrill bill was intro- 
duced into Congress, and became a law in 1862. 

It is important to note that this response to the national 
demand for practical knowledge came from the federal govern- 
ment. State school systems had been established by each state 
independently and on traditional lines; but this act calls for a 
new American type of school ‘‘to promote the liberal and prac- 
tical education of the industrial classes in the several pursuits 
and professions in life.’’ It is also significant that the father 
of this land grant college bill was father of the tariff act of 
1861, and that bills increasing the federal bounties to these 
colleges were introduced into Congress during the tariff dis- 
cussions in 1872, 1884. and 1890. 

The decade from 1860 to 1870 witnessed the establishment 
of several of the most celebrated engineering schools. In 
following their subsequent development it is important to 
recognize clearly that their origin was very different from that 
of the schools of law and medicine. These latter were first 
established by practitioners as an outgrowth of the apprentice- 
ship system and were usually well developed as professional 
schools before they became affiliated with the colleges. The 
engineering schools, on the other hand, were not founded by 
engineers as the outgrowth of an apprenticeship system, but 
by college professors who sought to satisfy industrial needs 

132 


| 
i 
§ 
q 


STUDY OF ENGINEERING EDUCATION. 


by the methods to which they were accustomed in the colleges. 

Yet notwithstanding this close kinship of the engineering 
school to the arts college, the scientific school was kept distinct 
from the ‘‘college proper.’’ The students preparing for an 
industrial profession were not considered as of the same caste 
with those preparing for the ‘‘learned professions.’’ 

This feeling in the colleges was reflected in the public schools 
which were still oblivious to the fact that training for a 
‘‘gainful occupation’’ is one of the four fundamental justifica- 
tions of taxation for public education. The lowest depths of 
this oblivion were reached in the report of the Committee of 
Ten (1895) when languages, mathematics, history, natural 
history, physics, and chemistry, were declared to be the only 
subjects ‘‘ proper for secondary schools.’’ 

The achievements of engineering have, however, forced the 
recognition of the fact that knowledge of the practical arts is 
essential to the education of every American. The demand for 
vocational education is omnipresent, and the schools seem to 
be about ready to follow the lead of the engineering colleges 
in so teaching the mechanic arts that their educative power 
shall be felt by everyone. Since the apprenticeship system 
has now practically disappeared, this introduction of the in- 
dustrial arts into school work is necessary before the schools 
can justly claim to give a complete education, 7%. e., one that 
confers all the benefits on the church and commonwealth which 
the founders of the American educational system had in view. 

For the past fifty years engineers have been absorbed in the 
work of inventing, constructing, and perfecting machinery 
and the material conveniences of life. A large field for use- 
fulness along these lines will always remain open to them. 
But the methods of this work have now been standardized and 
reduced to a system. Every large plant has its designing de- 
partment and even its research laboratory. 

Relatively little attention has as yet been given to the scien- 
tifie study of problems of the organization and control of the 
forces of men. These problems of human machine design 
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and the conservation of human resources are as much engineer- 
ing problems as are those of mechanism and the conservation 
of material resources. The demand for creative work in this 
field of human engineering is daily becoming more insistent. 
Can the engineering schools longer afford to ignore it? 

Again, American industry has developed in a land of 
abundant natural resources. It has always been protected by 
a tariff which has been raised as the industries grew stronger 
and more wealthy. This protected atmosphere of natural 
opulence has given strong incentive for the development of 
originality, initiative, and push. Every boy in America has 
felt that the opportunity to become president was open before 
him. There was, however, little incentive for economy of pro- 
duction. It was much easier to exploit the Indians or to per- 
suade Congress to raise the tariff than it was to make a 
scientific study of production costs. 

The increase in population and the waste of natural re- 
sources have now brought the United States under the opera- 
tion of the law of diminishing returns. The problem of effi- 
ciency of production has been thrust upon us. This again is 
an engineering problem. It cannot be solved here by merely 
copying the autocratic methods that have been used success- 
fully elsewhere, but demands an American solution which shall 
insure efficiency without sacrificing individual spontaneity and 
initiative. 

These then are the three problems of the immediate future 
for the American engineer. (1) To introduce the practical 
arts into the schools in such a way that all may share their 
educational value. (2) To devise human machinery that shall 
assure to every American justice and a fair show. (3) To 
develop the highest efficiency of production,—an efficiency 
which is attainable only when individual initiative is given the 
freest play. 


II. THe PROFESSIONAL DEMAND. 


The returns from the circular letter sent out in the spring 
of 1915 were summarized and the results announced at the 
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meeting of the American Society of Civil Engineers last Jan- 
uary. Because of the rather unexpected nature of the sum- 
mary and its importance in defining the work of the schools, 
the Joint Committee on Engineering Education last March 
sent to the members of the National Engineering Societies the 
following ecard: 


Please prefix numbers to the groups of qualities listed below to show 
the order of importance that you give them in judging the reasons for 
engineering success or in sizing up young men for employment or pro- 
motion. 

.-Character, integrity, responsibility, resourcefulness, initiative. 

.. Judgment, common sense, scientific attitude, perspective. 

. Efficiency, thoroughness, accuracy, industry. 

.. Understanding of men, executive ability. 

..-Knowledge of the fundamentals of engineering science. 
....Technique of practice and of business, 

Years in practice .... 


Up to June first, 6,773 of these cards had been returned; 
352 were accompanied by letters explaining the views of the 
writers. 

A statistical summary of the returns was begun on May 
first, when 6,069 cards had come in. Of these 5,441 were 
regular, each one rating the six groups in the order of im- 
portance by some single combination of the numbers 1-6. 
There were 489 irregular cards, in which one or more of the 
numbers appeared more than once or in which the qualities 
were weighted by percentages instead of being numbered. 
On 139 cards the qualities were numbered in two or more 
different orders, one for engineering success, another for em- 
ployment, ete. The regular cards were sorted according to 
the number of years in practice and the vote counted sepa- 
rately for each five-year period. Cards on which the years 
in practice were not given were counted together. 

Differences in years of practice were found to make but 
little difference in the vote. The following table gives the 
regular vote by ten-year periods. The table reads: Character 
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was rated higher than judgment by 84.8 per cent of the voters 
who had less than ten years of experience, by 86.6 per cent 


Years in Practice. 


Under 18. | "10-19. Petal. 
No. of ratings ........+-+- 1,000 2,000 1,941 500 5,441 
84.8 86.6 88.3 88.2 87.0 
92.5 92.8 92.5 91.8 92.5 
4 Je 92.7 93.0 95.0 95.8 93.9 
91.8 91.9 91.0 91.4 91.5 
eRe 97.3 98.0 98.0 98.0 97.9 
77.8 78.7 76.3 75.4 77.4 
80.8 82.1 84.1 82.0 82.5 
78.4 79.7 74.7 75.8 77.4 
96.8 96.2 95.0 96.2 95.9 
eee 59.7 61.5 68.5 65.4 64.0 
65.0 63.0 64.9 64.4 64.2 
93.9 92.9 92.7 95.8 93.4 
SS 57.7 57.3 54.5 52.2 55.9 
89.9 87.1 85.7 86.0 87.0 
92.3 90.3 90.7 91.2 90.9 


of those with from ten to nineteen years of experience, etc. 
The last column gives the percentage vote on each item for all 
the 5,441 voters. 

The most probable values of the relative importance of 
these groups of qualities have been computed from these per- 
centage votes by the method described in Chapter VIII of 
Thorndike’s ‘‘Theory of Mental and Social Measurements.’’ 
These values are given in the first column of figures. The 
last column gives these same values as determined by the 
summary of the replies to the first circular letter explained 
in the Engineering Record for January 29 and the Engineer- 
ing News for January 27, 1916. 

Because of the constancy of the percentage of the votes, as 
shown in the table, it is clear that this statement of the 
factors essential to engineering success corresponds to a 
rather definite ideal in the professional mind. It is there- 
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fore safe to make use of this definition in testing and planning 
the work of the schools. 


24.0 41.0 
19.5 17.5 
Understanding of men ...... 15.0 75 14.0 87 
Knowledge of fundamentals.. 15.0 7.0 
10.0 25 6.0 13 
100 


When applying this definition to the schools it is desirable 
not to forget several perfectly obvious facts. In the first 
place, all the qualities mentioned are essential to genuine 
success and conscious effort should be made to develop all of 
them as far as is possible. Second, character, initiative, 
common sense, and qualities of this sort cannot be taught 
explicitly like multiplication tables and rules of grammar. 
Third, education is a continuous process of growth, and there- 
fore the conscious development of the qualities of the first 
four groups cannot to advantage be arrested for four years, 
even for the sake of a mastery of knowledge and technique. 
Fourth, the man whose character, judgment, efficiency and 
understanding of men has developed most during his college 
years has the best show after graduation, since these quali- 
ties constitute 75 per cent of his equipment. Fifth, the fact 
that character is rated at 24 per cent does not mean that an 
engineer can succeed with a 24 per cent character. It does 
mean that even a perfect character is but 24 per cent of the 
engineer’s total equipment. 

With these facts in mind it is evident that instruction in 
mathematics, or machine design which aims only at a mastery 
of fundamental principles and technique, cannot be nearly 
as efficient as instruction which, while paying due regard to 
technique and the mastery of principles, yet develops in- 
tegrity, initiative, resourcefulness, and common sense. 
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III. THe Work THE SCHOOLS. 
A. What Freshmen Know and Can Do. 


Twenty-two schools have been visited and carefully studied. 
A composite picture of their work furnishes the best state- 
ment of conditions. Tests of 220 freshmen at four institu- 
tions have been conducted by Professor E. L. Thorndike. 
These tests furnish objectively certain facts about the human 
material which schools of engineering educate, showing what 
the members of the entering class know and can do. The 
following samples may serve to give some idea of their 
abilities. 

In Algebra, nine tenths of the freshmen were able to 
solve the following equation: «—2a+b—2zr-+ 2b—4a. 
Only one third of them could solve the following: If 
(a+ b)/2, what does 


— 2a + b)/(x 4+ a—2b) 


equal? 
In Physics, nine tenths were able to tell what materials 


were needed to make an electric battery. Only one third 
could determine how much water must be added to a pint 
of aleohol 95 per cent pure to make a solution of alcohol 40 
per cent pure. 

Nine tenths were able to fill the blanks in the following: 
Light generally travels in .... lines. 100 Centigrade de- 
grees equal .... Fahrenheit degrees. Only one third could 
correctly supply the missing words in: The mechanical ad- 
vantage of a system of pulleys, provided no energy is dis- 


sipated inside the pulleys, is .... the number of .... of the 
cord supporting the load. When a mass of air is heated ...., 
its volume increases .... of its value at zero degrees for 


every rise of one degree C. in temperature. 

English_—In English, nine tenths could classify as animal, 
flower, boy’s name, book, something good or bad to be or do, 
the following words: zachary, dexterous, hyacinth, clematis, 
callous, mastodon, caribou, julian, ruthless. 
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Only one third could similarly classify: predatory, brevi- 
ary, sophistical, campanula, pusillanimous. 

Nine tenths could fill in ‘‘A body of ...... entirely sur- 
rounded by ...... is called an ....... st 

Only one third were able to make sense out of ‘‘Let us 
briefly examine the social forces ...... at work concentrating 
the ownership ...... wealth.’’ 

Nine tenths could write the answers to the questions on 
the following paragraph: 


“*Tt may seem at first thought that every boy and girl who goes to 
school ought to do all the work that the teacher wishes done. But some- 
times other duties prevent even the best boy or girl from doing so. Ifa 
boy’s or girl’s father died and he had to work afternoons and evenings 
to earn money to help his mother, such might be the case. A good girl 
might let her lessons go undone in order to help her mother by taking 
care of the baby.’’ 

1. What is it that might seem at first thought to be true, but really 

2. What might be the effect of his father’s death upon the way a boy 
spent his time? 

3. Who is mentioned in the paragraph as the person who desires to 
have all lessons completely done? 


Only one third could answer the questions on the following: 


‘*A chief characteristic of science, then, is that in supplementing given 
facts it supplements them by adding other facts belonging to the same 
sphere, and eventually discoverable by tracing the given object in its 
own plane through its continuous transformations. Science expands 
speculatively, by the aid of merely instrumental hypotheses, objects given 
in perception until they compose a congruous, self-supporting world, all 
parts of which might be observed consecutively. What a scientific hy- 
pothesis interpolates among the given facts—the atomic structure of 
things, for instance—might come in time under the direct fire of atten- 
tion, fixed more scrupulously, longer, or with better instruments upon 
those facts themselves. Otherwise the hypothesis that assumed that 
structure would be simply false, just as a hypothesis that the interior 
of the earth is full of molten fire would be false, if on inspection nothing 
were found there but solid rock. Science does not merely prolong a 
habit of inference: it verifies and solves the inference by reaching the 
fact inferred. The contrast with myth at this point is very interesting; 
for in myth the facts are themselves made vehicles, and knowledge is 
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felt to terminate in an independent existence on a higher or deeper level 
than any immediate fact; and in this circumstance is what makes myth 
impossible to verify, and, except by laughter, to disprove.’’ 

1. According to the paragraph, what is the difference between the ether, 
the electrons or lines of electro-magnetic force and angels, a sun-god, 
or fairies, as principles of explanation? 

2. According to the paragraph, by what sort of explanation of the 
facts of the world are the facts themselves made mere carriers of thought 
to conclusions in a realm outside that of such facts? 

3. According to the paragraph, what are the methods and instruments 
by the aid of which perceived things and qualities are made the basis 
of a consistent independent universe? 


B. What the Schools do to Freshmen. 


Two thousand freshmen of the type described entered a 
group of schools in the fall of 1911. Of these 732 graduated 
in June, 1915. The other 1,268 had been ‘‘ weeded out.”’ 

The records of the 732 who graduated from the 14 different 
schools showed that 382, or 52.2 per cent, just ‘‘got by’’ in 
physics, 52 per cent just passed in mechanics, 45 per cent in 
calculus, 43.7 per cent in modern languages, 43 per cent in 
English, 34 per cent in chemistry, and 23 per cent in de- 
scriptive geometry. These averages for 14 schools do not 
differ materially from those presented last year for five 
schools. 

There are many who maintain that these conditions are 
most encouraging; for the fact that only one sixth of those 
who enter graduate with credit proves that the schools are 
maintaining high standards. This position would be more 
readily understood by the critics of the schools, who constitute 
the great majority of the American public, if the term stand- 
ards were more clearly defined. What sort of standards are 
being maintained by this process? Are they standards of 
scholarship, standards of academic culture, standards of engi- 
neering efficiency, standards of justice, of integrity, of moral- 
ity, of common sense, of accuracy, of science, of art, of 
freedom of achievement, of worldly success, of unity, of 
service, of obedience, of duty, of law and order, of aristocracy, 
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of democracy, or of humanity? Perhaps all of these and 
many more are meant. It would be a real service if the exact 
meaning of the phrase ‘‘maintaining standards’’ in schools 
might be accurately defined. 

On the other hand those who consider that this high 
scholastic mortality and these high percentages of low grades 
are proofs of the inefficiency of the schools offer many hy- 
potheses in support of their position. Among these two are 
particularly suggestive. The first of these is derived by 
analogy from the experience of the industries with ‘‘soldier- 
ing.’? Under the old industrial system, workmen are paid 
according to the number of hours of work, and little atten- 
tion is given to the amount accomplished per hour. Under 
this system the workman accomplishes as little as he dares 
and unions are formed to raise the time rate and to stand- 
ardize this minimum accomplishment. When the reward is 
measured solely by time and not by achievement, there is 
every incentive not only for laziness but even for deliberate 
deception of the employer as to how much can be accomplished 
per hour by a willing and properly instructed workman. 

The school system is analogous to this old industrial system 
since it awards ‘‘credits’’ in accordance with Commissioner 
Finley’s ‘‘table of academic weights and measures,’’ namely: 


45 minutes make 1 hour 
5 hours make 1 week 
36 weeks make 1 unit 
15 units make 1 matriculant 
120 semester-hours make one degree 


The student who puts in the requisite time with an esti- 
mated efficiency of only 60 per cent receives the same ‘‘credit’’ 
as one who achieves an efficiency of 100 per cent. The result 
is similar to that in the industries—many students ‘‘soldier,’’ 
try to bluff their way through and even unite to create the 
tradition that it is a disgrace to be rated much above the 
pass mark. 

In the industries this situation has been met first, by making 
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a careful, detailed, scientific study of all the conditions that 
affect efficiency; second, by instructing the workmen in the 
best methods of work; and third, by making the reward de- 
pend on accomplishment. Where the old industrial system 
has been replaced by this new system, in accordance with the 
principles enunciated by Mr. F. W. Taylor, soldiering has 
disappeared, the workman have doubled or even quadrupled 
their achievement, their earnings have increased, and they 
have become more contented and more healthy. 

The success of this change of policy in industry makes us 
wonder whether an analogous change might not prove equally 
beneficial to the schools. 

Usually the method of presenting subject matter in schools 
is determined by the teacher’s conception of logical rigor and 
theoretical unity. In spite of the fact that the high per- 
centages of failure and low grades prove that this method 
is not effective, very few experiments have as yet been made 
to find methods better adapted to the abilities of the students. 
But if the same scientific care were used in setting tasks in 
schools as is used in setting tasks in industry, would not these 
conditions improve rapidly? And would not school grades 
be a truer measure of ability if tasks were graded from easy 
to difficult and credits were given as is done in industry only 
for those actually completed ? 

Is it not probable that this system of awarding credit on 
the basis of achievement rather than on the basis of time 
would give to students a real incentive for real accomplish- 
ment as it has to workmen? 

Industrial managers not only spend hours and days of 
study in adapting the task to the workman; they take great 
pains to see that each worker is carefully instructed in the most 
efficient methods of doing his work. May it not be that more 
time could be spent to advantage in instructing students in 
the most efficient methods of doing their work, instead of 
leaving them to devise their own methods of study? 

Thus the first hypothesis that is suggested to explain the 
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high mortality and excessive percentages of low grades is 
that the method of awarding credit on the basis of time, the 
acceptance of a 60 per cent standard of accomplishment and 
the assignment of tasks that are not adapted to his abilities 
gives the student no adequate incentive to achievement and 
encourages him in ‘‘soldiering’’ and in bluffing his way 
through. 

Soldiering alone does not explain all the cases of failure 
and low grades. Many of those who are dropped from engi- 
neering schools should be dropped because they have no real 
inclination or ability for engineering work. A number of 
those dropped, however, persist in engineering work and suc- 
ceed in spite of their academic shortcomings. Why are so 
many young men with pronounced engineering talent unable 
to make good in the engineering schools? 

In one school some 74 per cent of the graduates had had 
trouble in mechanics. The work of the class consisted in the 
solution of many problems—apparently an excellent plan. 
But the first problems of the course were these: Find the 
center of gravity of an equilateral triangle. Find the center 
of gravity of the area included between three sides of a square 
and the semicircle described on the fourth side as a diameter. 
Find the center of gravity of the area bounded by a given 
hyperbola, its asymptotes and given codrdinates. No models 
were supplied. 

The use of these strictly Archimedean problems was de- 
fended on the ground that the analytical processes involved 
in their solution were those needed the following term in the 
solution of problems in strength of girders. Yet 74 per cent 
of these same students had trouble with this later course. 

Why not give the real problems first? In the University of 
Washington, the course in mechanics, given by Professor C. 
C. More, is made up almost entirely of a series of real prob- 
lems or projects of the grade usually found in such courses. 
This work was originally given in the third year because 
calculus was a prerequisite. The third-year men have, how- 
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ever, mastered it so readily that next year it will be given, 
calculus and all, to the freshmen. In like manner Professor 
Bird, of the University of Virginia, finds that laboratory 
problems very similar to those given in other schools, to 
seniors in chemical engineering can be successfully mastered 
by freshmen. 

These examples define the second hypothesis that is sug- 
gested to explain the high percentages of failure and of low 
grades; namely, the work is not too hard, but it is presented 
in so abstract a manner that it has little or no meaning to the 
students. 

If these hypotheses are correct, the problem before the 
schools is that of removing these two causes of failure. To 
do this, academic credit must be made to depend directly and 
objectively on achievement; and the work must be made more 
concrete. 

This statement has been derived from an analysis of the 
work of the schools. Yet the problems which it defines are 
the same as those defined by the history of the engineering 
schools. For when the practical arts are introduced into the 
schools in such a way that all may share their educational 
value, the work becomes concrete and impelling to the student. 
And when academic credit is awarded on the basis of real 
achievement, efficiency and individual initiative increase 
together. 

The solution of these problems will require much careful 
experimenting and study on the part of teachers; but as 
progress is made the schools will find that they are each year 
better able to meet the demands of the engineering profession. 
For character, judgment, efficiency and an understanding 
of men—those personal qualities that make up 75 per cent of 
the engineer’s equipment—develop best in men who love their 
work and who labor with enthusiasm and intelligence at 
things which they know to be worth while. 
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ON THE NATURAL METHOD OF LEARNING. 


BY SANFORD A. MOSS, 
General Electric Company, Lynn, Mass. 


It is usually assumed that the proper method for instruc- 
tion of a class in a given theorem is a rational deduction, 
beginning with previous principles and proceeding logically, 
step by step, until the final result appears. The statement 
that this is not the best way will probably be considered very 
surprising. Nevertheless, the heretical declaration is made 
that the best plan for giving instruction either in a lecture or 
a text-book is initial arbitrary statement of the net result, 
followed by applications and examples, and last of all, logical 
deduction of the result from previous principles. 

This procedure is the best one to follow in all branches of 
mathematics and physics, and probably in most branches of 
engineering. It puts the pupil in possession of a subject with 
the least expenditure of his mental effort. It probably re- 
quires greater mental effort on the part of the teacher than 
the process of rational deduction leading up to the final result. 
It is the most natural method from the point of view of the 
learner, even though it may be an unnatural one from the 
point of view of the teacher. 

The easiest and laziest procedure for the teacher is to start 
out with well-known principles and in the presence of the 
class proceed logically step by step until the final result is 
reached rationally. This method requires no preparation and 
the teacher must simply choose a proper starting point and 
have a general idea of the direction in which he is to proceed. 
He can then put equation after equation on the blackboard, 
each one deduced from the preceding one, and he is certain 
to arrive at the proper final result. During all of the deduc- 
tion the teacher knows where he will end, and knows the bear- 
ing of each step on the final result. The pupil has no such 
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advantage. He knows nothing of the object sought in the 
discussion, nor the reasons for the various steps, but must 
keep his interest sustained until the end without knowledge of 
where he is going. 

As an illustration, I have opened at random a standard 
text-book on thermodynamics and find ‘‘Theory of the In- 
jector.’’ This starts with the expression for the heat energy 
in one pound of initial steam and proceeds step by step, with 
equation after equation, each deduced from the preceding one, 
until finally an expression is arrived at, giving the ratio of 
the water pumped to the steam used. Then follows an example 
in which usual numbers are inserted in the formula and a 
numerical result computed. The reader has no idea as he 
starts in the discussion as to what its purpose is, or why it 
is being made. Probably most of us in beginning such a sec- 
tion of a book would hastily glance over the discussion and see 
what sort of final result was arrived at, and then go through 
the deduction. Hence, the best way to give this theory would 
be to start with the statement that the ratio of the water 
pumped to the steam used by an injector will be shown later 
to be so and so, and follow with the numerical example and 
finally give the deduction of the formula. 

This method would at once put the pupil in possession of 
the object of the discussion, and of the principal fact in the 
whole matter, which is, that it is possible to deduce an ex- 
pression for the ratio of water to steam. The numerical 
example would next give the pupil an appreciation of the 
various quantities involved. Then it would be easy to under- 
stand the deduction of the various steps leading to the 
formula first given. 

One very important result to be attained by study of any 
subject, is general training in the development of a theory, 
so that the pupil may become able to make similar develop- 
ments for himself. From this point of view also it is best 
to have the goal clearly before the pupil, since this gives him 
at all times during the deduction a clear understanding of 
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the exact meaning of the various quantities involved, so he 
can realize the reasons for their use. 

The older text-books in geometry are good examples of the 
methods here proposed. They started out with a complete 
statement of the theorem which was to be demonstrated, and 
with a figure with all of the steps completely shown. For 
instance, I have opened a geometry at random and find the 
familiar proposition, ‘‘The sum of the squares described on 
the two sides of a right triangle is equivalent to the square 
described on the hypotenuse.’’ Then follows a right triangle 
with the angles labelled A, B, and C, and with a perpen- 
dicular dropped from the hypotenuse to the opposite angle, 
C. Then follows the statement, ‘‘Let A, B, C, be a right tri- 
angle with its right angle at C. Then AC? + CB?=AB*.’”’ 

Most of the battle is won right at this point. The pupil 
has a clear idea of what the writer is driving at, and of the 
exact result to be obtained. In fact, if the pupil retains just 
this much of the matter he probably knows as much about it 
as most of the readers of this article unless they be teachers 
of geometry. In other words, while all of the readers of this 
article know the theorem in question, it is doubtful if many of 
them can prove it. The geometry text-book then follows with 
the formal proof and ends up with the familiar ‘‘Q. E. D.’’ 

How ridiculous it would have been if the geometry had 
proceeded as follows: 

**We will now develop an important theorem in right tri- 
angles. Suppose we take the right triangle A, B, C. Let us 
draw a perpendicular from a hypotenuse to the opposite 
angle. Then we have, ete.’’ Finally the theorem would be 
arrived at rationally. Such a method of deduction would 
keep the pupil in ignorance of the reason for the development 
and would vastly decrease his power of understanding it. 
Yet this is exactly the method used in developing most matters 
in mathematics, physics, and engineering. 

The method here advocated, is really the one by which we 
have all made our greatest advances in learning in our early 
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years. We were taught arbitrarily, 3 times 8 is 24, and had 
to learn it by heart. It is only after we had considerable 
practice in use of the theorem that we could understand a 
rational derivation of it. Similar remarks apply to long 
multiplication, long division, ete. We were taught arbitrarily 
that the circumference of a circle is found by multiplying 
the diameter by 3.1416 long before we were taught the reason. 
Here again it is quite probable that few of the readers of this 
article, except teachers of geometry, can tell the reason. 

Exactly the same principles apply to any of our engineer- 
ing matters. Take, for instance, the theorem that /dQ/T 
taken between two points is independent of the path. If we 
thoroughly know this principle and know how to use it, it is a 
minor matter as to whether or not we can deduce it. Once 
again, it is quite probable that most of the readers cannot 
now make this deduction. Therefore, the proper way to 
teach this principle is to start out by stating it arbitrarily, 
and by explaining just what it means, and how it is used, and 
then end by giving the logical proof. It is not proper to 
begin with some of the preceding principles of thermody- 
namics, and without stating the goal, to proceed step by step 
until the principle is finally arrived at. As in all previous 
cases it will be vastly easier to follow the detailed proof, if 
the subject of the discussion has been firmly fixed upon the 
attention of the pupil by means of initial statement of the 
principle, and of examples of its use. 

A very important result of the recognition of the principle 
here advanced will be a casting off of the chains with which 
most colleges bind themselves in connection with ‘‘successive 
courses.’’ For instance, a pupil cannot take calculus until 
he has had analytical geometry. He cannot take mechanics 
until he has had caleulus. He cannot take machine design 
until he has had mechanics. He cannot take steam engine 
theory until he has had machine design, and so on, ad in- 
finitum. 

The necessity for such succession is purely imaginary. A 
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pupil will get along at least as well, in many cases, if the 
procedure is exactly reversed. For instance, in machine de- 
sign, he can be told arbitrarily that it is shown in mechanics 
that such and such a thing is true, and then proceed to use 
this theorem without knowledge of the exact method by which 
the theorem is proven to be true. He can then at another 
time take up this particular theorem as a part of mechanics 
and go through the derivation. He will understand the 
whole matter vastly better through having had experience 
with it in machine design. 

Take, for instance, the formulas for stresses in beams. 
These are usually first taught in mechanics, and the pupil goes 
through the derivation hardly knowing what a beam is, and 
certainly knowing nothing of the immense field of use of the 
formulas. On the contrary, suppose he first takes machine 
design and is told arbitrarily that the formulas for stresses in 
beams are so and so, and is given instruction in their use. 
At a later date he can take mechanics and go through the 
derivation of the various formulas. He will be able to do 
this much more readily through the knowledge of the use 
of the subject. 

It is to be borne in mind that many branches of engineer- 
ing are carried on by men who are familiar with the various 
formulas and principles but who have not been trained in 
their derivation. For instance, many of our most successful 
mechanical engineers have come up through the drawing 
room and have been instructed in the various principles with- 
out information as to how they were derived. After they 
have become expert in the use of such principles the better 
ones have undoubtedly looked up their derivation as a matter 
of general interest. Such principles are really tools of the 
trade, and the most important matter is the instruction if the 
use of these tools—the training in their dextrous manipula- 
tion. The exact manner in which the tools were constructed 
is of secondary importance. A carpenter learns how to use 
his wood chisel and his plane, and only as a minor matter 
finds out how these instruments were made in the factory. 
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It must not be understood that the writer proposes the 
teaching of rules only and the abandonment of instruction in 
development of these rules. What is proposed is that the 
use of a principle be put first, and the development afterward. 

Suppose then that we have freed ourselves from the idea 
that engineering courses must be given in the traditional suc- 
cession. Many of these courses then can be given in parallel 
with good results. A pupil can take analytic geometry and 
calculus at the same time. In the next year he can take 
mechanics and machine design at the same time, and so on. 
In each case where a subject is given not preceded by the 
traditional preparatory subjects, there must, of course, be 
definite statement of each principle involved, without any 
deduction, however. At some time or other, either in parallel 
or at a later date, the so-called preparatory subject must be 
given with full deduction of all of the principles. 

The point which we seek to make, is that the actual use of 
principles will render much easier the understanding of their 
deduction, whenever it is taken up. 


150 


4 
a 
a4 
a 
q 
e 
4 


TECHNICAL BOOK WRITING. 


(Part 1.) 


BY J. A. L. WADDELL, 
Consulting Engineer, Kansas City, Mo. 


As the author has just completed the writing and issuing 
of a technical book containing fully a million words and some 
three hundred and fifty pages of illustrations (‘‘Bridge Engi- 
neering,’’ published by John Wiley & Sons), and as in its 
preparation he has learned many things that he deems to be 
of value and importance concerning the writing and publish- 
ing of engineering books, he feels it to be his duty to the pro- 
fession to record such knowledge where it may be readily 
found and utilized by the writers of future technical works— 
hence this paper and its presentation to the Society for the 
Promotion of Engineering Education. In preparing it the 
author has tried to avoid as much as possible duplicating any- 
thing from Harwood Frost’s excellent little book on ‘‘Good 
Engineering Literature.’’ Of course, though, it was neces- 
sary at times to treat of the same subjects as he covered; but 
in such eases the author has given his own ideas and has 
written from his own point of view, which is not always 
by any means identical with that of Mr. Frost. No technical 
writer should ever start the writing of a book without first 
reading Mr. Frost’s treatise from cover to cover, and some 
parts of it more than once, and without making numerous 
notes from it to act as a guide throughout the entire prepara- 
tion of both of the MS. and the printed work. 

When an engineer decides that he will write a book, the first 
step for him to take is to determine its scope and limitations; 
and unless there arise some unusual and valid reason for the 
contrary, he should adhere closely to those limits from start to 
finish. This question of ground to be covered is not always 


151 


TECHNICAL BOOK WRITING. 


an easy one to settle. It will be found to require much thought 
and deep consideration ; and as its proper solution is a matter 
of prime importance to the writer, he should use due delibera- 
tion before coming to a final decision. Generally speaking, 
within reasonable limits, the more circumscribed the scope the 
more valuable to the profession probably will be the resultant 
treatise; because a wide field necessitates the dealing with 
generalities, while a narrow one involves confinement to de- 
tails with a resulting thoroughness that will almost certainly 
make the book truly useful. Of course, books of a general 
nature have their place in engineering literature; but those 
that are specific in their character and restricted in their field 
and which are written by specialists of wide experience are 
the ones that the engineering profession really needs. The 
former type may be serviceable to students and young engi- 
neers who have not yet settled down to special work; but the 
latter type will be used by the busy engineers who are en- 
gaged on important construction or investigation. 

After the scope of the proposed book has been settled, a list 
of chapters should be made out. This cannot be done at a 
single sitting—far from it! The task may require days, 
weeks, or even months! In first listing the chapters, no 
special trouble should be taken to locate them in logical order; 
for the final arrangement should not be attempted until the 
list is absolutely complete. As the preliminary work pro- 
ceeds, new chapters will usually suggest themselves; and they 
should be jotted down in a pocket notebook as soon as they are 
thought of, in order that no subject of importance may be 
omitted. Such a notebook should be carried at all times; and 
in it should be recorded all thoughts, suggestions, and ideas 
concerning the proposed book that either come to the writer’s 
mind or are offered him by others. These notes, duly ex- 
panded and elaborated, should be written out on letter paper 
and filed as indicated hereinafter. 

As soon as a goodly number of chapters is listed, the writer 
should begin to determine what each one ought to contain ; and 
he should record, in such a manner that he will be sure to re- 
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member exactly what his notes mean, all the topics and ideas 
that he can think of, using loose sheets of paper for each chap- 
ter, or, if preferred, a certain ample number of pages in a 
seratch-book. The author prefers the loose leaves, but that 
may be a matter of individual taste. Care should be taken to 
place each idea or topic in the proper or most appropriate 
chapter for its treatment; and it may prove necessary from 
time to time to change the locations of some of the topics, as 
the book develops in its writer’s mind. The settling of what 
each chapter should contain necessitates much time, even more 
than does the division of the proposed work into chapters. It 
is not well to begin any real writing until all the chapters are 
determined upon, given their proper titles, and numbered; 
but it is legitimate to write out more or less completely any 
idea or topic so as to have it ready for the final preparation of 
the chapter to which it belongs. 

The arranging of the sequence of the chapters is a most im- 
portant step; for, in order to secure coherence of thought, it 
should be done on some truly logical basis, usually chronolog- 
ically in respect to the development of the general subject or 
type of construction with which the treatise is to deal. When 
the subject of the work is lengthy or complicated or when 
there are to be many chapters, it is by no means easy to settle 
upon a logical arrangement; and no two men are likely to 
agree exactly upon what is the best one possible. If more 
than one man be engaged on the writing, a discussion of the 
question will tend towards a more speedy determination ; but 
if one is working alone, he might do well to consult some of 
his technical friends, because ‘‘in the counsels of many there 
is wisdom.’’ However, he should not allow himself to be too 
much influenced by the opinions of others; for his own mind 
should be the court of last appeal, not only in this matter but 
also in respect to every mooted point in connection with the 
writing of the book. 

After the list of chapters is finally settled, it is well to pro- 
cure a number of letter-filing cases or boxes, and allot one, 
two, or, at most, three chapters to a box, then typewrite the 
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numbers and names of the chapters on slips of paper and 
paste them on the boxes. All papers of every kind, including 
pamphlets, should be indexed and filed in the box to which 
they properly belong, so that they can be found at any time 
without delay. 

A search of engineering literature, more or less thorough 
and elaborate, should be made before the real writing of the 
book is started; and small pads of blank paper can be em- 
ployed to advantage for recording the location of any subject 
discovered that may be of use for reference or quotation. The 
title of the paper treating the subject and exactly where it 
ean be found should be noted, as well as a short abstract there- 
of to indicate its contents and how they might be utilized. 
Judgment is required in choosing such references ; because, if 
too many of them are made, they will prove to be a burden, 
while if any important ones are omitted, the omission later on 
may be cause for regret. It is often necessary to refer to the 
same article or topic in several chapters, and when such an 
article is encountered it should be referenced on two or more 
sheets, which should later be filed in the appropriate boxes. 
As each reference blank is filled out, the correct chapter num- 
ber is to be marked on it; and, as soon as convenient, it is to 
be filed in its proper case. This search of literature should 
include the principal engineering periodicals and the proceed- 
ings or transactions of the leading technical societies, for as 
long a period as the governing conditions indicate, besides the 
books of the writer’s professional library. Most of this search- 
ing can be handled by assistants, but it will be necessary to 
teach each one of them individually how the work should be 
done and to check from time to time their modus operandi and 
results; for, otherwise, they are likely to pile up a mass of ir- 
relevant references that are not only useless but also a nui- 
sance and a detriment to progress. While the old saying is 
certainly true that ‘‘one should never do himself what he can 
pay another man to do for him,’’ it must be remembered that 
leaving assistants too much to their own discretion and de- 
vices will result in much wasted effort, time, and money. In 
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doing search work the Engineering Index, published by the 
Engineering Magazine Company, and other technical indices 
will be found most serviceable. 

It is a good idea to go through all the technical papers and 
magazines a year at a time, as the same construction is often 
described in several of them. In this way a selection of the 
best treatment may be made, and the amassing of a lot of un- 
necessary data may be avoided. It may be necessary to con- 
sult the public library occasionally for treatises which the 
writer does not possess; and it is a good plan to have searches 
on certain special subjects made by the American Society of 
Civil Engineers or other technical society. Such searches are 
generally made for a very reasonable charge. 

Even if one does not intend to quote anything from other 
books, he should know what preceding writers have said upon 
all the topics of the subject with which he is dealing; and, 
again, it is generally impracticable to write a technical book 
of any size without referring to the works of others and quot- 
ing occasionally from their writings. Engineering books vary 
greatly in their percentages of originality, and generally the 
larger the percentage the more valuable the book; but certain 
kinds of technical treatises necessarily involve a liberal amount 
of quotation from standard works, and especially from the 
technical press. However, it is almost universally the opinion 
of engineering readers that the greater the amount of the 
writer’s individual experience going into the book the more 
satisfactory will it be; because one generally expects to obtain 
personal opinion and experience from a techno-literary author- 
ity. 

After all the data for the various chapters have been col- 
lected, they should be looked over carefully so as to discard 
all irrelevant references ; and then they should be arranged in 
the proper order. The correct way to do all this is often quite 
difficult to determine. There must, of course, be a raison 
d’étre in making the arrangement; and no hard-and-fast rule 
can be given in advance therefor, because the writer’s indi- 
vidual judgment must govern. He knows just about what he 

155 


> 


TECHNICAL BOOK WRITING. 


is going to say, and he should best be able to determine how 
to say it, the general idea being to make his statements as 
forceful as possible and to hold the reader’s interest. He 
should be governed in some cases by the idea of rendering the 
information he gives as readily available as possible to those 
who may use it. The best arrangement depends greatly upon 
the point of view and upon the ultimate object in writing the 
chapter. If a certain important point is to be proved or es- 
tablished, everything in the chapter should lead towards that 
end. If there are several points to establish, each one should 
be separately treated; and the order of their appearance 
should usually coincide with that of their importance. If 
the chapter consist of a compilation or a statement of facts, 
their order should always be that of importance—sometimes 
direct and sometimes reverse, according to the impression that 
it is desired to produce. It is conceivable that in some cases 
it would be best to bring out the strongest and most impor- 
tant statement at the outset and follow with the minor ones, 
while in other cases it would be proper to lead up to the grand 
statement as a finale. Either arrangement would be prefer- 
able to one made at haphazard or without logical sequence. 

When there is a very long list of topics it is well to divide 
them into groups A, B, C, D, etc., lettering each item with its 
group number, or, otherwise, ticking off the items with pen- 
cils of different colors, each color indicating a group accord- 
ing to some standard rule adopted at the outset. For in- 
stance, the following system might be employed: A red, B 
blue, C yellow, D green, E purple, F orange, G gray, and H 
black. Then the first group should have its items numbered 
in its characteristic color ; and after all this is done the chapter 
will be ready for writing. It is a matter of opinion whether 
it is better to arrange the items of one chapter and write it 
before passing to the arrangement of another one, or to settle 
the arrangements for all of them before beginning to write. 
The author inclines to the latter scheme, for the reason that 
if any item be found located in a wrong chapter, or if it ap- 
pear advisable to shift any portion of the subject matter from 
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one chapter to another, the necessary changing can be made 
with greater ease before the writing is started. The only ob- 
jection to this method is that the arranging of all the items of 
all the chapters as a single piece of continuous work would 
constitute a tedious and uninteresting task. However, if any- 
one thinks he ean write a technical book without doing a vast 
amount of exceedingly tedious work, he is greatly mistaken. 
‘*Life is not all beer and skittles’’ in book work; and while it 
is possible for an author to shift some of the drudgery onto 
his paid assistants, there is a considerable amount of it which 
he will have to attend to himself. While an endeavor should 
be made to have the arrangement of topics in each chapter 
final, it is more than likely that, as the writing proceeds, some 
shifting will have to be done; but this should involve no harm, 


_ because all such changes would be in the line of improvement. 


As previously suggested, it may be advisable under certain 
circumstances to write what one has to say about certain topics 
disconnectedly and file the results in the boxes, then connect 
such writings so as to make smooth and pleasing reading with- 
out involving too abrupt changes or any illogical sequence. 
The author prefers, though, to have all such data in the form 
of notes or reminders, and to write the chapter continuously, 
using the skeleton outline previously prepared. 

In spite of the utmost care to make the lists of items com- 
plete and to omit nothing during the writing, it will be found 
necessary after a chapter is written to prepare and inject ad- 
ditions, because engineering and all the other lines of tech- 
nical science are progressing, and, even while one is writing, 
many things of importance may be occurring; and such things 
may have to receive attention in the book. Again, one’s hind- 
sight is always better than his foresight, consequently he may 
sometimes want to change what he has written. To the be- 
ginner this injection of material into writing supposed to be 
already complete is a most difficult task, and the result is 
likely to show that the new idea is an afterthought; but the 
experienced book writer soon becomes so accustomed to this 
insertion work that he can inject almost anything anywhere 
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without interruption of the flow of thought and without caus- 
ing any appearance of abruptness or evidence of modification. 
The mechanical method of making such insertions in hand- 
written work is to mark the place in red with the word ‘‘over’’ 
and to write the addition on the back of the sheet; and in the 
ease of typewritten matter to cut and paste. Should the ad- 
dition for the handwritten draft oceupy much space, it should 
be written on a separate sheet marked with the number of the 
page in which it is to be inserted and followed by the letter A 
(or by B, C, D, ete., if more than one page is required) ; and 
the original page should be marked in red at the point of in- 
sertion thus: ‘‘Insert p. 32A (or pp. 32A, 32B, 32C, etc.). 

The author has heard it claimed more than once that it is 
practicable to prepare technical books by dictation ; but he has 
never been able to do this himself or to dictate anything for 
publication without later having to make great and drastic 
revision. He believes that fine, polished, technical English 
has to be first handwritten, then corrected, then typed, and 
then corrected again. In truth, even this is often not enough, 
for many of his writings are typed two or three times 
before he becomes sufficiently satisfied with them to permit of 
their going to press. Some of the chapters of his ‘‘De Pon- 
tibus’’ and of his ‘‘Bridge Engineering’’ were typed as many 
as three times. In respect to the claim that technical work 
for publication can be dictated, the author would state that 
he has never seen any sample of such dictated work that he 
would be willing to have attributed to his pen. All examples 
thereof which have come to his notice have appeared to him 
rough, unpolished, and disconnected. It is true that in a 
given time a far greater amount can be accomplished by dic- 
tation than by handwriting; but it is quality and not quan- 
tity that should count in technical literature. 

In presenting information to the reader, it should be re- 
membered that, in general, diagrams are better than tables, 
that tables are better than formule, and that formule are 
better than written description. When the records are regu- 
lar in their nature, cross-section diagrams with curves or 
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right-lines afford the best (but generally the most expensive) 
records ; and when the material is irregular in character, tables 
are preferable. When information is given by formula, it 
should generally be supplemented by diagram so as to save 
the user’s time. Data such as areas or weights of bars should 
be given in tables, as no interpolations are necessary, as the 
tables can be used more quickly than the diagrams, and as 
they give the exact values; while diagrams should be used 
for equivalent uniform live loads and weights of bridges, be- 
cause interpolation is done more rapidly with the diagrams, 
and because exact values are not needed. If practicable, all 
diagrams should be so prepared as to have their functions and 
modes of application self-evident ; otherwise, full instructions 
as to how to use them should be given in the text. This cau- 
tion applies, but in a lesser degree, to all tabulated matter. 

Before starting the writing, there are certain mechanical 
features of the work that should be settled and adhered to 
throughout the entire book, the most important ones being as 
follows: 

A. The writing should be done on pads of letter-size paper 
(cheap yellow paper is good enough) ; and the handwriting 
should be fairly large with wide spacing between the lines, 
so as to permit easy access for making corrections and inter- 
lineations. 

B. A system of mathematical symbols should be adopted 
and followed as closely as possible. If there be an established 
standard of nomenclature that will apply, it should be em- 
ployed ; but, otherwise, one should try to adhere to some sys- 
tem used by one of the principal writers of technical mathe- 
matics. 

C. A system of writing, marking, and numbering equations 
should be established and followed, using therefor from start 
to finish an invariable style for brackets, abbreviation, punc- 
tuation, type, spacing, and general appearance. 

D. There should be determined in advance where, in gen- 
eral, the figures and tables should be inserted. There is a 
choice of three methods, viz., placing them in the text as soon 
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as practicable after the first reference to them, but never pre- 
ceding it; putting at the end of each chapter all that are 
mentioned therein; and placing them all together at the end 
of the book. The first method, which was the one adopted by 
the author for ‘‘Bridge Engineering,’’ is the most convenient 
for the general reader, and the last is the most serviceable for 
an engineer who uses the book constantly in his work, the sec- 
ond one being a compromise and, on that account, not to be 
recommended. 

E. For the guidance of his assistants, as well as for that 
of the writer himself, there should be prepared a statement or 
a list of directions as to how certain things should always be 
done. This is for the sake of ensuring uniformity in the char- 
acter of the treatise and in its general style. Of exactly what 
these directions should consist it is impracticable to state until 
the subject of the book is known; but directions concerning 
capitalization, hyphenizing, italicization, punctuation, para- 
graphing, spelling, repetition, synonyms, grammar, split in- 
finitives, monotony of style, and elegance of diction should 
be included. 

F. The nomenclature and titling of figures and tables 
should be settled in advance. Considerable variation is en- 
countered in this particular among technical book writers, 
and one has more or less of a choice in the determination. 
In ‘‘Bridge Engineering,’’ each figure was characterized by 
the chapter number followed by one or more of the letters of 
the alphabet in their proper order, and each table was treated 
in the same manner. If the number of figures or tables in a 
chapter were greater than twenty-six, double letters were 
used up to and including fifty-two, and beyond that number 
triple letters were employed up to a limit of seventy-eight, 
which limit was not exceeded. For instance, Fig. 16) indi- 
cates that it is the tenth figure of Chapter XVI; Fig. 55¢e 
means the thirty-first figure in Chapter LV; while Fig. 55eee 
would represent the fifty-seventh figure of the last mentioned 
chapter. Similarly, Table 27 & refers to the eleventh table of 
Chapter XXVII. This system enables one to find quickly 
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from the chapter heading on the left-hand page of the book 
the location of any figure or table without turning to the list 
giving the page numbers. The numbers and titles of tables 
are generally placed at the top thereof, but those of figures at 
the bottom. There is no special reason for this difference ex- 
cept that of custom. In respect to the titling of both figures 
and tables, it should be done as concisely as is practicable, 
consistent with due clearness of definition; but this latter 
desideratum should never be sacrificed, no matter how long 
the title may have to be made. 

G. If any chapter consist of a set of specifications which it 
is expected that some of the readers will utilize in their work, 
it is advisable to number the clauses and conclude it with a 
clause-index. 

H. Unfortunately, in the English language there are often 
more ways than one of spelling properly certain words—for 
instance, ‘‘centre and center,’’ ‘‘traveler and traveller,’’ 
*‘eaulk and ecalk.’’ A list of all such words should be com- 
piled at the outset of the work, making it as complete as prac- 
ticable; and only one method of spelling each word thereof 
should be adopted as standard for the book. Each of the 
assistants, and especially the stenographer or typewriter, 
should be given a typewritten list of these words spelled as 
decided upon; and all of them should adhere to it in every- 
thing that they write in connection with the treatise. This 
will save throughout the entire job much trouble and annoy- 
ance for everybody. 

I. Some kind of system of hyphenization should also be 
adopted at the outset, and rules should be written thereon 
for the use and guidance of all concerned. Correct and log- 
ical hyphenization is one of the most difficult tasks in econnec- 
tion with the entire work. In spite of all rules, it will be 
found practically impossible always to be consistent. Hyphen- 
ization is too often done by individual preference without any 
logical system; and the same writer at different times will 
hyphenize differently or fail to hyphenize at all the same 
combination of words. Some writers have an inherent ob- 
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jection to hyphenizing, and others are exceedingly free in the 
use of hyphens. There is one rule, however, that should in- 
variably be followed, viz., that no matter whether two or more 
words are or are not hyphenized so as to form a compound 
substantive, they should invariably be hyphenized when 
joined so as to form an adjective. For instance, one may say 
that a certain article is made of cast-iron, or of cast iron; 
but when he says that is a cast-iron article, he must use the 
hyphen. In titling there is a greater temptation to hyphen- 
ize than there is in ordinary writing. For instance, if one is 
preparing the title for an illustration of a certain movable 
span, he might write it thus: Double-Track, Double-Deck, 
Riveted Swing-Span, while in the text he might be inclined 
to write swing span without the hyphen. There is also the 
question whether it is ever proper to use a capital letter for 
the second of two hyphenized words. For instance, in the 
last mentioned title should it be Double-Track or Double- 
track? The author in his ‘‘Bridge Engineering’’ used the 
latter method in both text and titles, although his personal 
leaning is to employ a capital for the second word in titling. 
The reason that he did not do so was because the consensus of 
opinion of his assistants was opposed to his preference. The 
author long ago came to the conclusion that no hard-and-fast 
rules can be given for hyphenization, excepting the one just 
mentioned ; consequently he is glad to note that such a high 
authority as Prof. D. E. Carpenter endorses his views, as can 
be seen from the following quotation taken from that gentle- 
man’s paper on ‘‘Compound Technical Terms,’’ which was 
presented quite lately to this Society : ‘‘No basis for the stand- 
ardization of compound terms can be found. The only re- 
sult of an attempt to fix forms of compounds is usually fur- 
ther confusion and loss of time that could be more profitably 
given to more important matters. In fact, if most of the so- 
called rules for compounding were abolished and the plan 
adopted of using hyphens in the same way that marks of 
punctuation are used, that is, according to the sense required, 
a long step in the right direction would be made. The only 
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rule of general application is the one that requires any two 
or more words used as a single adjective to be joined by a 
hyphen.”’ 

J. There should be agreed upon in advance by the writer 
and all who are aiding him on the job that a number of mooted 
points in writing should be settled once for all in certain 
definite ways. For instance, there appears to be some uncer- 
tainty as to the use of the singular or plural in certain com- 
pound adjectives, such as a one-hundred-foot span or a one- 
hundred-feet span. The author invariably writes it thus: a 
one-hundred-foot span, or else a span of one hundred feet. 
Again, there arises the question as to whether the compound 
adjective should be written one-hundred-foot, 100-foot, or 
100-ft. A standard should be set for such cases and others 
of a like nature. The author prefers to write the words out 
in full in the ordinary text and to abbreviate them in the 
mathematics. For instance, in the regular text he would 
write one hundred and forty-five foot-pounds, and in the 
mathematics, and especially in numerical examples, he would 
write 145 ft.-lbs.; but he does not like to see it written 145’. 
Similarly, he prefers 200 lbs. to 200%, although he has em- 
ployed the latter; and in describing steel sections he writes 
2-15”-50% [s. ‘‘Consistency, thou art a jewel!’’—and, truth 
to tell, an exceedingly rare one among technical writers. One 
should certainly strive hard to be consistent; but he should 
not feel utterly discouraged when he finds every day of his 
life that he is not. The best rule to follow in respect to 
this is: 

Be consistent; but, if you cannot be consistent, be as con- 
sistent as you can. 

K. Some general understanding should be arrived at by 
the writer and his assistants concerning how paragraphing 
should be done. One writer will use paragraphs of great 
length—sometimes occupying more than an entire page— 
while another will go to the other extreme to such an extent 
as to subject himself to the risk of being dubbed a ‘‘ penny-a- 
liner.”’ There is a happy mean in paragraphing, and it 
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should generally be adopted. Too long paragraphs through- 
out a treatise give it a heavy air and engender an involuntary 
antipathy to the text on the part of the would-be reader, often 
discouraging him altogether from perusal. On the other 
hand, the excessive use of very short paragraphs gives an 
impression of rather light and frothy writing, which would 
be incongruous in a technical treatise. From a purely me- 
chanical viewpoint, short paragraphs are preferable to long 
ones in the correction of proof; because the insertion of two 
or three words will break up the arrangement of a great 
many lines in a long paragraph, but will disturb very few in 
a short one. As the cost of making changes in matter that is 
set up in type is by no means inconsiderable, it is evident that 
in short paragraphs there is an economy which should not be 
ignored. On this account it is well to break up any para- 
graph of excessive length, provided, of course, that there is 
any legitimate excuse for so doing besides that of saving in 
expense. Paragraphs averaging about a dozen lines give a 
neat appearance, and are not very long in respect to the eco- 
nomics of making insertions or elisions. Some may say that 
changes after the type is set are avoidable, and that, if an 
author is thoroughly posted concerning what he is writing 
about, they are entirely unnecessary ; but such is not the case. 
No one can invariably write at the first trial what is perfectly 
satisfactory to him in every particular; and, in truth, one is 
seldom, if ever, entirely satisfied with his own diction. As 
in everything else that one encounters in life, there is always 
room for improvement. On this account, a large number of 
corrections and modifications in galley proof do not neces- 
sarily imply carelessness in the preparation of the MS.; for 
they are more likely to indicate a desire of the author to at- 
tain perfection of diction and style—?. e., the truly unat- 
tainable. 

The proper length of paragraph is a function of the char- 
acter of the writing. For historical and descriptive work the 
paragraphs should be longer than for those of a dissertative 
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nature, while in the mathematical portions the paragraphing 
is generally very short. 

L. The best length for sentences is a matter of taste. Some 
erudite writers indulge in exceedingly long ones, while many 
popular writers go to the other extreme. Here again there 
is a happy mean; for sentences should not be so long as either 
to cause confusion or to involve unusual effort in order to 
avoid it, while they should never be so short as to make jerky 
reading. Forty or fifty words to the sentence are generally 
enough, but it is often perfectly proper to employ twice or 
thrice that many; while, on the other hand, sentences con- 
taining only twenty or twenty-five words are often eminently 
suitable. A scientifically correct system of punctuation, with 
commas, semi-colons, and occasionally dashes discretely and 
effectively used, often enables one to employ satisfactorily sen- 
tences that are much longer than the ordinary limit. 

M. Concerning punctuation much has been written, and 
many rules have been given, but individual judgment backed 
by common sense must be the court of last appeal for all 
doubtful cases. The author has a few rules of his own to 
which he always tries to adhere; nevertheless occasions arise 
when they have to be violated. The principal of them are as 


_ follows: 


First. Parenthetical clauses and all interjected words 
should be set off by commas, unless there be good reason for 
using dashes instead. The effect of the dashes is to call 
special attention to the interjected clause or word, and, there- 
fore, they should be used sparingly ; for otherwise they would 
soon lose their force. Some writers object to setting off single 
words by commas—for instance, ‘‘preferably,’’ ‘‘however,’’ 
‘*undoubtedly,’’ or ‘‘consequently’’—but the author nearly 
always does so, unless the sentence in which the word occurs 
be exceedingly short. 

Second. In short compound sentences composed of two, or 
at most three, parts, commas only may be used; but in longer 
and more complex sentences a semicolon should be employed 
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at the place where the division of ideas is most pronounced. 
Generally it is not advisable to have more than a single semi- 
colon in a compound sentence, but this rule cannot be fol- 
lowed invariably; for in a long succession of substantives, 
each qualified by several adjectives, it becomes necessary to 
set off the adjectives with commas and the substantives with 
semicolons; and where the succession is one of quite discon- 
nected thoughts, semicolons are to be used to separate such 
thoughts. The following quotations from some of the author’s 
old writings will illustrate these cases. 

(a) ‘‘As soon as he finds that he has mastered thoroughly 
one set of duties, let him apply for some other kind; and as 
he has already shown himself to be an efficient and willing 
worker, his request will, in all probability, be granted, more 
especially as the question of increase of salary will not be 
raised.’’ It will be noticed that in this compound sentence 
the division of ideas is most pronounced after the word 
**kind,’’ at which place the semicolon has been inserted—also 
that the parenthetical clause ‘‘in all probability’’ has been 
set off by commas. 

(b) ‘*They are least effective and successful in giving the 
students a broad education; in teaching them culture; in 
arousing their enthusiasm for the engineering profession; in 
enlightening them as to what that profession really is and to 
the greatness of the career upon which they are about to enter; 
in giving them instruction concerning the history of engineer- 
ing and the lives of its great leaders and most successful prac- 
titioners; in making them truly conversant with ethical 
matters, both general and technical; in teaching them how 
best to conserve their time and energy and how to obtain the 
greatest benefit from their technical course; in the inculeation 
of sound ideas of business and of life in general; in teaching 
them oratory, logic, and savoir faire; in giving them practical 
instruction as to how best to utilize engineering literature, 
both standard and current; and, above all, in making them 
such masters of their own language that they shall be able 
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to read, write, and speak it with ease, grace, and effective- 
ness.’’ In this unusually long sentence, the adoption of semi- 
colons sets off clearly the separate and distinct ideas and thus 
materially improves the style of diction. In truth, the em- 
ployment of commas instead of the semicolons would have 
been inadmissible, because there are in the sentence many other 
commas of which the distinctive effect would be lost in the 
multiplicity of like punctuation. 

Where the ideas in a long sentence are closely allied. it is 
permissible to use commas instead of semicolons in separating 
them; and this can be done without loss of either force or 
effect, as the following quotation will show: 

(c) ‘‘Perhaps, too, I could talk of things that are far from 
technical, such as hunting the great game of the Rocky Moun- 
tains, canoeing on lake and stream, the shooting of rapids, 
travels in foreign countries, gunning for wild fowl in the 
marshes, sports afield with dog and gun, fly fishing for trout 
in the streams of the far North, and struggling with the gal- 
lant tarpon on the waters of the Gulf of Mexico; but it was 
not to discuss such subjects as these that your President 
brought me here, hence I shall desist, only remarking that the 
more you mix these things and other sports and amusements 
in with your work, the better will it be for you both physically 
and mentally, the longer will you live, the more will you 
accomplish, the more satisfactory will be the results of your 
work, the better men and citizens will you become, and the 
more interesting and agreeable will you prove to all with 
whom you are thrown in contact.’’ 

Third. The use of the colon in the writing of English 
appears to be going out of style, for it no longer appears in 
the middle of a sentence, as it used to many years ago, but 
only at the end thereof and under quite restricted conditions. 
Its most common employment is directly after ‘‘as follows,”’ 
or at the end of a sentence in which the adjective ‘‘follow- 
ing’’ is applied to the next succeeding sentence. 

Fourth. The use of the period also is gradually diminish- 
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ing, for it is generally omitted nowadays in titles and after 
some of the abbreviations that have become standardized. 

Fifth. As before mentioned, the dash is often far more 
effective than the comma, but a constant use of it would soon 
nullify its special force. 

Sixth. There is a tendency to-day to ignore the rather 
unusual punctuation marks, such as the diwresis and the 
cedilla, but good practice does not countenance such omission. 

Seventh. But little need be said concerning the interroga- 
tion point and the exclamation point, excepting only that they 
should never be omitted, except in the case of an indirect 
question. The author believes that the adoption in English 
writing of the Spanish custom of placing an inverted inter- 
rogation or exclamation point at the beginning of each in- 
terrogative or exclamatory sentence would be an exceedingly 
good move, in that the effect thereof is to prepare the reader 
for what is coming and to enable him properly to adjust his 
voice to the character of the sentence. 

N. There is not much to say about capitalization, except 
that the best modern practice seems to be to cut it down to a 
minimum. In purely technical writing, such as specifications 
and contracts, it is eminently proper to distinguish by capital 
letters the principal persons or corporations involved; for 
instance, the Contractor, the Engineer, the Purchaser, the 
Company, the Manufacturer, or the Inspector. Printers of 
technical books, if they are allowed to do so, will use the lower 
case when setting up these words in specifications and con- 
tracts, even when the MS. indicates the contrary; hence they 
should be cautioned not to do so before they start the type- 
setting. There is a move on foot at present to use the lower 
ease for the ‘‘P’’ in Portland cement; but the author has not 
yet attained to that degree of development. 

O. Concerning italics, it may be remarked that, outside 
of their legitimate employment in headings and titles, they 
should be used sparingly. Like the dashes employed instead 
of commas, they carry force with them, but will lose it if 
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adopted too often. When one needs to call special attention 
r to some vital or very important point, he can use the italics 

to advantage. Nothing looks much worse, though, to a 
e critical reader than a book needlessly bestrewn with italics. 
nm It should be decided at the outset whether italics are to be 

used uniformly in the text for titles of books and periodicals 
or or whether quotation marks should be employed. 
1e P. A serious defect in writing which is noticed instantly 
n. by all readers of cultivated taste is the close repetition of 
a- words; for it causes an unpleasant shock to the mind. One 
ey should accustom himself to using synonyms; and if they do 
et not come to him naturally, he should employ a thesaurus— 
sh in fact every writer should have a good one like ‘‘Roget’s 
r- Thesaurus of English Words’’ constantly at hand when work- 
in- ing. It is not enough to refer to it only when one cannot 
‘ly think of a suitable term or synonym; but in technical writing 
ler one should collect all the words that naturally he will want to 
his employ many times, then, by the aid of his thesaurus, make a 

list of all the synonyms thereof, including often those of a 
pt . rather divergent meaning. When writing, he should ring the 
>a changes on these synonyms without making it too apparent 
ons that he is so doing. In the same sentence one may desire, 
tal when writing hurriedly, to repeat a word as many as a dozen 
for times; but having the special list of synonyms therefor at 
the hand, by using them judiciously he can produce a very pleas- 
of ing effect. If there are not enough of them for his purpose, 
wer he will have to repeat some words more or less; and in so 
on- doing he should separate like words as much as possible, but 
hey avoiding always any recurring sequence. 
pe- There is such a thing, though, as legitimate repetition of 
wer words, but it must be evident at a glance to the reader that 
not such repetition was intentional. This feature of writing, 

when used once in a while, is forcible; but too much of it is 
side detrimental to the style of the composition. 
hey Monotony of style is a serious defect in any writing; and 
tead the technical author is specially prone to fall into the habit 
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of writing monotonously. The only method of avoiding such 
a pernicious practice is continually to go back and read what 
one has written, remembering the old adage that ‘‘eternal 
vigilance is the price of safety.’’ 

Mistakes in grammar are generally deemed by the reader to 
be totally inexcusable ; but the practiced writer knows that this 
is not true, not only because ‘‘to err is human”’ but also 
because when one is deeply interested in what he is writing his 
thoughts move faster than his pen, and, in consequence, he is 
liable occasionally to make a slip. Strange to say, he is often 
unable to notice the mistake in spite of repeated readings, but 
another reader generally will; hence it is advisable to have 
one’s handwritten work checked by someone else before it is 
typed. Even then some errors may get by, hence the check- 
ing for diction should be carried into the typewritten MS. 
and even into the galley proof. 

One of the most common grammatical mistakes made by 
those who certainly know better is the non-concordance of sub- 
ject and predicate, and this is the kind of error that the 
writer himself is prone to miss when checking his work. 

Another common error which, especially of late years, is 
very justly frowned upon by the élite in literature is the split 
infinitive. A well-known writer who had criticized severely 
in a book of his this glaring violation of established good 
practice, remarked, when the author pointed out to him in 
that very book a number of cases of split infinitives, ‘‘it is 
hard to teach an old dog new tricks’’—and in book-writing 
this is undoubtedly correct. 

Another greatly-too-prevalent mistake is failure to dis- 
tinguish properly between ‘‘shall and will’’ or ‘‘should and 
would.’’ A thorough study of the grammatical authorities 
will enable one to understand the distinction, but it will not 
always prevent him from violating the rules. For this there 
is some excuse, as often the said distinction is exceedingly 
difficult to draw. 

The use of the pure form of the subjunctive mood is slowly 
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but steadily going out of fashion and is being replaced by the 
indicative form thereof. In the author’s opinion, the change 
is not a move in the right direction—but perhaps that is be- 
cause he is old-fashioned—for it seems to him that there is an 
inherent elegance in the true subjunctive which the indicative 
form does not possess. 

Elegance of diction is the most important attribute of any 
writer, next to that of producing something which is truly 
worth while; because no matter how intrinsically valuable 
any literary production may be, if it is not read it will fail 
to be of effect—and it is incontestably true that gross inele- 
gance of diction will militate most seriously against perusal. 
Too much cannot be said about the importance of writing good 
English; but this is hardly the place to elaborate upon the 
subject, because the technical writer is supposed to be well 
trained thereon in the preparation of papers before he takes 
the important step of deciding to write a book. 


(Concluded in the December Number.) 


q 
1 | 
is 
iS | 
iS | 
n 
it 

is 
k- 
S. 
b- 
he 

is 
lit 
ly 
od 

in 

is 
ng | 
lis- 
nd 
ies 
not 
ere 
gly | 
wly | 

(71 


AN ADVISORY SYSTEM. 


BY GEO. J. HOOD, 
Associate Professor of Mechanical Drawing, University of Kansas. 


The freshman advisory system here described was put in 
operation a year ago in the engineering school of the Univer- 
sity of Kansas. The purpose of the system is to try to pre- 
vent freshmen from neglecting their work for any vital length 
of time, and to discover the cause of poor work in individual 
cases and attempt its cure. The common causes of poor 
work are lack of knowledge of how to study, too much dis- 
turbance at rooming houses, poor health, too much outside 
work, homesickness, laziness, diffidence, ete. 


STUDENT’S NO SUBJECT DATE 
REMARKS 


Fie. 1. Report Carp. 


About 150 freshmen are enrolled in the engineering school 
of the University of Kansas each year. Each freshman at 
enrollment is given an individual number and is assigned to 
an advisor who later attempts to get on friendly terms with 
each of his twenty advisees. The advisor enrolls the fresh- 
man in the classes. The chief advisor checks the enrollment 
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and gives each freshman a small printed folder containing the 
list of books that the student will need and the assignments 
of his first lessons. The freshman then has some work to keep 
him immediately occupied and a few cases of homesickness 
may be prevented. The foldér also carries a few words of 
greeting from the dean and some general advice of more or 
less utility. 

When a student is failing in his work in any class the in- 
structor fills out a report card like that shown in Fig. 1. The 
number of the student but not the name of the student is 
written on this card. The card is sent to the chief advisor 
and is filed under its number in the filing case shown in Fig. 
2. Once each day the numbers of the ecards are noted and 


Fig. 2. Case. Fig. 3. Catu Boarp. 


red-headed tacks are inserted under these numbers on the 
eall board that is shown in Fig. 3. The call board is located 
in the entrance hall way of the engineering building. Every 
freshman passes this call board several times a day. When 
he sees a tack under his number he reports to the chief ad- 
visor as soon as possible and between them the report of the 
instructor is frankly discussed. An attempt is made to dis- 
cover and remove the cause of the delinquency of the student 
and he is often encouraged to do better work. The report 
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eard, when acted on, is turned face down in its pigeon hole in 
the filing case, so that it is at once noticed when the ecards 
begin to pile up under any number and the student concerned 
is given special attention. 

The freshmen, as a rule, respond promptly to the calls. 
On the average only about two per cent. of the calls are not 
promptly answered. Experience shows that when a student 
neglects to answer a eall it is a good indication that he has 
been neglecting his work for no good reason. The use of the 
eall board avoids the publicity of calling the student from his 
classes or sending him a written notice. It works automati- 
cally and secures prompt action. 

The chief advisor, who happens to be the head of the depart- 
ment of engineering drawing, naturally comes in close touch 
with the freshmen in the drafting room. In practice the ad- 
visory work requires about two hours a day of his time and 
brings him into somewhat the relation of a special dean for 
the freshmen. 
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EDITORIAL. 


The study of engineering education in this country which 
is being conducted by Dr. C. R. Mann under the general 
direction of the Joint Committee on Engineering Education 
of this and other engineering societies, should contribute a 
very vital force to the development of engineering education 
in this country. Dr. Mann’s work is now nearing completion 
and in this number of the BULLETIN is published the report 
which he made at the Virginia meeting. It is well worth 
the study and careful thought of every teacher of engineering, 
as well as of all administrative officers of engineering schools. 
It‘is hoped that the final report will be completed during the 
present year and that it will be published and distributed 
somewhat prior to the Northwestern meeting, at which time, 
the editor believes, this should constitute the main feature of 
the twenty-fifth annual meeting of this Society. It is well at 
this time that those who are in charge of engineering educa- 
tion in this country should take account of stock as Dr. Mann 
has done in his historical survey of the development of this 
important branch of education and that we consider, as he has 
done, the present condition and factors which control the 
subject as at present taught, and the future prospects and 
position of this phase of education. 


THE MONTHLY LETTER. 


The new Membership Committee authorized at the Virginia 
meeting has been organized and work started. In order to 
make the work of the members of this Committee most 
effective the field of activities has been limited to the territory 
nearby. It is hoped that through the work of this Committee 
men will be interested in the Society whose work is such 
that mutual benefit could be expected. Another phase of 
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the work will be the prevention, if possible, of members be- 
coming too far in arrears and to encourage men to retain 
their membership in the Society. 

It is the wish of the Committee that all members of the 
Society will feel the necessity of working with the Committee 
if satisfactory results are to be secured. This can be done 
by personal work on the part of the individual members and 
by submitting names of possible members to the proper mem- 
ber of the Committee. 

The Secretary’s office is codperating by keeping the mem- 
bers of the Committee posted with regard to the condition of 
the membership in their respective districts. The names of 
the Committee men with their districts follow: 


G. R. Chatburn, Chairman. 

D. C. Jackson, Maine, New Hampshire, Vermont, Massa- 
chusetts, Rhode Island and Connecticut. 

, New York. 

Hugo Diemer, Pennsylvania. 

F. F. Thompson, New Jersey, Delaware, Maryland, and Dis- 
trict of Columbia. 

C. 8. Howe, Ohio, Indiana, and Southern part of Michigan. 

J. F. Hayford, Illinois, Wisconsin, and Northern part of 
Michigan. 

K. G. Matheson, West Virginia, Virginia, Kentucky, Ten- 
nessee, North Carolina, South Carolina, Georgia, Ala- 
bama, Mississippi, and Florida. 

W. G. Raymond, Minnesota, North Dakota, South Dakota, 
Iowa, Nebraska, Kansas, Montana, and Wyoming. 

D. W. Spence, Oklahoma, Arkansas, Louisiana, Texas, and 
Missouri. 

M. 8. Ketchum, Colorado, Utah, New Mexico, Idaho, and 
Arizona. 

A. H. Fuller, Oregon, Washington, California, and Nevada. 
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COLLEGE NOTES. 


APPLICANTS FOR MEMBERSHIP. 


Evans, J. W., Instructor in Civil Engineering, Oklahoma A. & M. Col- 
lege, Stillwater, Okla. Chas. Jablow, E. J. Kunze. 

Harvey, J. W., Assistant professor of Electrical Engineering, Univer- 
sity of Maine, Orono, Me. W. J. Sweetser, W. E. Barrows, Jr. 
Hiuiecass, H. H., Assistant Professor of Electrical Engineering, Uni- 

versity of Maine, Orono, Me. W. J. Sweetser, W. E. Barrows, Jr. 
Ho..ister, 8. C., Instructor in Theoretical and Applied Mechanics, Uni- 
versity of Illinois, Urbana, Ill. G. P. Boomsliter, M. L. Enger. 
Jones, J. O., Assistant Professor of Hydraulics, University of Kansas, 
Lawrence, Kans. P. F, Walker, C. C. Williams. 


COLLEGE NOTES. 


Case School of Applied Science——A very much extended 
course in illuminating engineering was organized the begin- 
ning of this year. The National Lamp Association, which is 
a branch of the General Electric Company, has its head- 
quarters in Cleveland with experimental laboratories and 
research laboratories connected with it. A number of the 
experts connected with these laboratories are to lecture on 
their special subjects before the students of Case School of 
Applied Science throughout the college year. It is hoped in 
this way to give a very complete and extended course in 
illuminating engineering to all students who are pursuing 
courses in electricity. 

The following men have been added to the faculty. Dr. 
Paul Sabine, of Harvard University, has been appointed as- 
sistant professor of physics and will have charge of the physics 
laboratory. W. D. Trautman, formerly of the Carnegie In- 
stitute of Technology, has been appointed instructor in Ger- 
man. Dr. O. H. Werner, who has just completed his work 
for the doctor’s degree at Columbia University, has also been 
appointed instructor in German. H. C. Brett, a graduate 
of Tufts College, who has been engaged in engineering work 
in Boston, has been appointed instructor in mechanical engi- 
neering. W. E. Stark, who has been an instructor in Michi- 
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gan Agricultural College, has been appointed instructor in 
Mechanical Engineering. L. W. Murphy, who was formerly 
connected with the Georgia Institute of Technology, and who 
has lately been pursuing advanced work at Harvard, has been 
appointed instructor in mathematics. F. W. Winchester, 
who has been doing structural work in Boston, has been ap- 
pointed instructor in mining. Dr. 8. B. Obear, a graduate of 
Brown University, and recently an instructor in physics at 
Colby College, has been appointed instructor in physics. C. 
E, Senseman, a graduate student from The Ohio State Uni- 
versity, has been appointed instructor in chemistry. H. M. 
Henton, recently engaged in mining in Idaho, has been ap- 
pointed instructor in mining engineering. W. H. Hanson, a 
graduate of the Normal School of Physical Education at 
Battle Creek, has been appointed instructor in the gymnasium. 


Clemson Agricultural College.—Mr. F. R. Sweeny, assistant 
professor of civil engineering, resigned to take effect Sep- 
tember 1, in order to enter practical work in New York City. 
George S. Eaton, a graduate of Purdue, takes his place. 

Albert Simons, instructor in architectural engineering, re- 
signed to take up practical architectural work in Charleston, 
S. C., and in his place we obtained the services of Mr. Wallace 
Wolcott, a graduate of Cornell University, School of Archi- 
tecture. 

Mr. Howard L. Pote, instructor in wood work, resigned to 
accept a position with the public schools of Chester, S. C. 
Mr. L. S. Funke, who has attended the University of Wis- 
consin, takes his place. 

F. T. Dargan, professor of electrical engineering, spent 
the summer with the Westinghouse Electric & Manufacturing 
Co. in their special apprentice course to teachers. 


Cornell University. A few years ago President Schurman 
recommended in his annual report that some provision be 
made for participation by the faculty in the government of 
the University by the trustees. After a thorough investiga- 
tion by joint conferences of committees, representing the 
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trustees and faculty respectively, the board of trustees decided 
to try the experiment for three years of having three elective 
representatives of the University faculty to sit with the board 
to take part in the deliberations but without vote. One of 
these three elected last June is Professor Dexter S. Kimball, 
of Sibley College. 

In response to the invitation of the board of trustees to 
each college to elect two representatives who with the dean 
are to meet with committees of the board, the College of Civil 
Engineering chose Professors Henry 8. Jacoby and O. M. 
Leland, while Sibley College chose Professors D. S. Kimball 
and Herman Diederichs. The deans of these colleges are E. 
E. Haskell and A. W. Smith respectively. 

On account of the retirement of Professor Irving P. Church 
after forty years of service on the faculty of this college, 
Assistant Prof. Sidney G. George was promoted to a full pro- 
fessorship and placed in charge of the department of me- 
chanics of engineering; while Dr. Ernest W. Schoder was 
given charge of the department of hydraulics. 

Assistant Prof. Ora M. Leland in charge of the department 
of topographic and geodetic engineering was promoted to a 
full professorship, and Instructor Leonard A. Lawrence to be 
assistant professor in the same department. 

Ernest C. White resigned as an instructor in the depart- 
ment of railroad engineering to accept the professorship of 
civil engineering in the State School of Mines, Socorro, 
N. Mex. 

The following new appointments have been made with the 
rank of instructor: Carl A. McClain, George P. Stocker, and 
Theo. L. Smith. Mr. McClain was a graduate student in the 
college last year, and Mr. Stocker comes from the College of 
Agriculture and Mechanic Arts in New Mexico, where he 
taught for seven years in the department of civil engineering. 

Assistant Prof. R. L. Daugherty resigned last June to accept 
the professorship of hydraulics at the Rensselaer Polytechnic 
Institute, Troy, N. Y. 

Professor C. S. Hirshfeld, who has been absent on leave for 
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two years, resigned in order to remain with the Edison Illu- 
minating Co., Detroit, Mich., as head of the research depart- 
ment. 

Instructor G. C. Mills has accepted an instructorship in 
the Carnegie Institute of Technology. 

Professor W. S. Ford is on leave of absence for the year 
and is with the Vacuum Oil Co., Paulsboro, N. J. 

Assistant Prof. W. M. Sawdon is on leave of absence for the 
first term. He expects to visit some industrial plants and 
engineering colleges. 

Professor F. G. Baender, who was last year a graduate stu- 
dent and in charge of the Sibley College Library, is now the 
professor of mechanical engineering in the University of 
Arkansas, Fayetteville, Ark. 

The following assistant professors have been promoted to 
full professorships: Calvin D. Albert, in machine design; 
Albert E. Wells, in machine construction in charge of the 
department; and Frank O. Ellenwood, in power engineering. 

The following instructors have been promoted to assistant 
professorships: Myran A. Lee, in machine design; John G. 
Pertsch in electrical engineering ; Clarence A. Peirce, in power 
engineering; Chas. H. Berry, in power engineering. 

Instructor Henry M. Parmley has been transferred from 
the department of mechanics of engineering to that of ma- 
chine design. 

The following new appointments have been made to the 
staff of instruction. In Machine Design: Instructors Wm. E. 
Mordorff, Elbert A. Taylor, Robt. G. Meyler, Hugo N. 
Diederichs, Wm. C. Andrae, Fred. W. Armbruster, Paul 
Fenton, and assistants Carlos E. Harrington, and George A. 
Worn. In Experimental Engineering: Instructors Wm. J. 
Gavett and Carlos C. Knox. In Hydraulics: Instructor 
Fredk. G. Switzer. In Mechanics of Engineering: Instructors 
Homer J. Hotchkiss and Harold C. Perkins. In Electrical 
Engineering: Assistant Prof. Joseph F. Putnam, and In- 
structors Geo. F. Bason, Alejandro R. Cota, Ralph B. Stewart, 
and Martin C. Hughes. Librarian: Frank L. Fairbanks. 
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University of Illinois—The new Ceramic Engineering 
Building of the University of Illinois is to be formally dedi- 
cated on November 20 and 21. The occasion will be made 
one of great interest to the clay-workers of the country. It 
is expected that the exercises will be attended by many repre- 
sentatives of the architectural, structural, mining, geological, 
chemical, and manufacturing interests. In connection with 
the dedication exercises an industrial conference will be held, 
in which a number of topics of current interest to the ceramic 
engineer, the clay-worker and the manufacturer will be dis- 
cussed by well-known experts. 

The College of Engineering reports the following new ap- 
pointments to its staff : 

Cyrus E. Palmer, instructor in architectural engineering; 
Owen J. T. Southwell, instructor in architectural design; E. 
W. Washburn, professor of ceramic chemistry and head of 
the department of ceramic engineering; Cullen W. Parmelee, 
professor of ceramic engineering; Howard C. Arnold, in- 
structor in ceramic engineering; Elisha N. Fales, assistant 
professor of aeronautics; H. M. Westergaard, Frank E. 
Richart, and S. C. Hollister, instructors in theoretical and 
applied mechanics; Walter A. Shewart and Harry T. Booth, 
assistants in physics; Carl E. Pike and Roy A. Nelson as part- 
time assistants in physics; Walter A. Gatward, research as- 
sistant in department of electrical engineering, Ernest E. 
Charlton, research fellow in department of chemistry; Ray S. 
Quick, research fellow in department of electrical engineer- 
ing; Bernard Pepinsky, research fellow in department of theo- 
retical and applied mechanics; Edward A. Roberts, research 
fellow in department of railway engineering, and Harold P. 
Vail, research fellow in department of mechanical engi- 
neering. 


Kansas State Agricultural College—P. J. Freeman, as- 
sistant professor in applied mechanics; Thornton Hays, in- 
structor in machine tool work; I. I. Taylor, instructor in ap- 
plied mechanics; J. C. Shutt, assistant in steam and gas engi- 
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neering; and O. H. Brown, assistant in shop practice have 
resigned. 

Mr. W. B. Wendt was appointed assistant professor in ap- 
plied mechanics. Mr. Wendt is a graduate of the Kentucky 
State University and has been connected with the Michigan 
Agricultural College for about nine years as instructor and 
assistant professor of civil engineering. Mr. J. H. Robert, 
a graduate of the University of Illinois, and for the past two 
years instructor in the Rensselaer Polytechnic Institute, was 
made instructor in applied mechanics. E. C. Jones, Iowa 
State College, 1905, and for the-past eleven years in practical 
engineering work, was appointed instructor in machine tool 
work. Mr. W. G. Knickerbocker, a graduate of Michigan 
Agricultural College, was appointed assistant in steam and 
gas engineering. 

The following pieces were added recently to the engineer- 
ing laboratories: A 50-horse power univalve-uniflow Skinner 
Steam Engine, One Brown and Sharpe Universal Grinder, 
One Brown and Sharpe Milling Machine. 

The local chapter of the Society for the Promotion of Engi- 
neering Education held its first monthly meeting on Wednes- 
day, October 18. 

Dean A. A. Potter gave a twenty-minute talk, presenting 
some outstanding features of the Virginia meeting of the 
Society. Following Dean Potter’s talk Professor C. E. Reid, 
of the department of electrical engineering, presented a paper 
on the summer meeting of the American Institute of Elec- 
trical Engineers. The latter part of the meeting was devoted 
to general discussions bearing on the desirability of inserting 
a required course in modern language into our engineering 
curricula ; and the best method of handling the large numbers 
of short-course students taking the traction engineering and 
shop courses. 


University of Kansas.—The following changes have been 
made in the faculty of the School of Engineering at the Uni- 
versity of Kansas: Professor F. H. Sibley has been advanced 
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to professor of mechanical engineering and made chairman of 
the department faculty. F. Ellis Johnson has been advanced 
from the position of instructor to assistant professor of elec- 
trical engineering to fill the vacancy made by the resignation 
of Professor C. A. Johnson who went to the Westinghouse 
Company at Pittsburgh. Richard L. Grider has been ad- 
vanced to the position of assistant professor of mining engi- 
neering. E. E. Hartman has been elected instructor of elec- 
trical engineering. Mr. Hartman graduated from the 
University of Kansas in 1913 and since that time has been 
employed by the Westinghouse Company. LeForce Bailey 
has been elected instructor in the department of architectural 
engineering. Mr. L. A. Hartley has been made acting super- 
intendent of Fowler Shops during the absence of Captain F. 
E. Jones who is at present on the border with the 1st Kansas 
regiment. Professor B. J. Dalton, who has been on leave of 
absence for the past three years, resigned last spring to take 
the position of valuation engineer with the M. K. & T. 
Railroad. 


University of Missouri—tThe following additions to the 
faculty of the School of Engineering have been made: Mr. 
Dean E. Foster, associate professor of mechanical engineer- 
ing. Mr. Foster is a graduate and postgraduate of the Uni- 
versity of Wisconsin, with experience in teaching at the Uni- 
versity of Wisconsin, University of Michigan and the State 
College of Washington. Mr. Foster has had considerable ex- 
perience in the office of D. W. Mead and other consulting 
engineers, and was engineer for the Union Land and Power 
Company of North Yakima, Washington, while connected 
with the State College. Mr. Foster takes the work of Pro- 
fessor E. A. Fessenden, who went to the State College of 
Pennsylvania; Mr. D. P. Savant, instructor in electrical engi- 
neering. Mr. Savant is a graduate from the Rose Polytechnic 
Institute and held a fellowship there for one year. He has 
had considerable practical work, and for a time was in the 


183 


_| 

S- 

ig 

he | 
id, 

er 
ed 
ng 
ng 
ers | 
= 


COLLEGE NOTES. 


designing department of the Duncan Electric and Manu- 
facturing Company. - 

The gas producer plant has just been completed of a 
capacity nominally referred to as 5 horsepower. It is 
planned, during the coming year, to run an extensive series of 
tests on the local Missouri coals which are rather low grade 
bituminous. 


University of Nebraska.—Mr. William Grant, of the firm 
of Grant & Fulton, consulting engineers, Lincoln, Nebraska, 
has been elected to the position of assistant professor of civil 
engineering. He will devote part time to the work in the 
University, giving especial attention to sanitary engineering. 
Mr. Grant is a graduate of the University of Nebraska and 
took a second degree from the Massachusetts Institute of 
Technology. 

The department of applied mechanics has recently installed 
in the materials testing laboratories a saw, built after a design 
by Professor Clark E. Mickey, for cutting up stone, concrete, 
asphalt pavements, ete. The machine consists essentially of 
an endless wire passing around two pulleys and so arranged 
that it bears against the material to be cut. Emery dust and 
water are fed into the groove cut by the wire. Concrete slabs 
eight inches thick are readily cut in two. 


New Mexico College of A. and M. Arts.—The Engineering 
School of the New Mexico College of Agriculture and Me- 
chanie Arts has started a successful year with a slight in- 
crease in enrollment. 

The following are the faculty changes: Mr. G. P. Stocker 
has been granted a year’s leave of absence and is now taking 
work in teaching and study at Cornell University. Mr. F. 
A. Hitchcock, formerly instructor at Cornell University and 
more recently of Christian Brothers College at St. Louis, is 
carrying on Mr. Stocker’s work. 

The department of automobile practice which has been 
under formation for two years is now in charge of Mr. P. T. 
Welles, a graduate of the Bradley Polytechnic Institute at 
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Peoria, and of the Packard Factory School. Mr. Welles has 
had considerable experience in this work and with increased 
enrollment these courses for students unable to take up 
college work promise to be one of the greatest services of the 
engineering school to the state. 

The Engineers’ Club with greatly increased membership 
and added life contemplates in their program semi-monthly 
meetings with outside speakers for about one third of the 
meetings. Faculty talks will take up another third while the 
remaining will be given over to student talks. An added 
feature is the ten or fifteen minute talks on engineering cur- 
rent events by a younger member of the club in order to 
stimulate the reading of engineering periodicals. 


Stevens Institute of Technology.—The Institute opened on 
Oct. 9 with an enrollment of 534 students. The freshman 
class numbers 230, which is 39 more than last year’s class.— 
Messrs. L. A. Belding (electrical engineering), L. C. F. Horle 
(physics), and W. E. Marshall and W. A. Grobli (mechanical 
drawing) have resigned. Mr. R. R. Chamberlain, Lafayette, 
’04, has been appointed instructor in physics, Mr. F. 8. Cum- 
mings assistant in electrical engineering, Mr. E. Byron as- 
sistant in mechanical drawing, and Mr. O. H. Hesse assistant 
in experimental engineering.—In order to accommodate the 
large number of students who must use the same draughting 
room Prof. Knapp has designed a double table-top, constructed 
by Keuffel and Esser, in order that two students may succes- 
sively use the same table without disturbing each other’s 
work.—The dynamo laboratory has been nearly doubled in 


capacity. 


Throop College of Technology.—Throop College of Tech- 
nology opened September 16 with an enrollment of nearly 50 
per cent. in excess of that of last year, the total registration 
now being 180. 

A feature of prime interest in connection with the work of 
the new year is the inauguration of military training and 
tactics under Captain Louis R. Ball, U. 8. A., who is a gradu-+ 
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ate of the Colorado School of Mines and who will conduct a 
course at Throop College looking toward the preparation for 
the engineer corps. 

Other new members of the staff this year are: Carl S. 
Downes, Harvard, who has studied at Oxford, assistant pro- 
fessor in English; Reginald Pole, of Cambridge University, 
assistant professor in English; Arthur B. McGee, University 
of Michigan, instructor in civil engineering; Carroll D. Bill- 
myer, Virginia Polytechnic Institute, instructor in mechanical 
engineering. W.N. Lacey, Stanford, instructor in inorganic 
and industrial chemistry. James H. Ellis, Massachusetts In- 
stitute of Technology, research associate in physical chemistry. 

The new chemistry building which with its equipment will 
cost nearly $100,000 is approaching completion and will be 
ready for occupancy about December 1, when Dr. Arthur A. 
Noyes will come to Pasadena to commence his research work 
at Throop, to which from now on he will devote half of each 
year. 


University of Virginia.—The 92d continuous session of the 
University of Virginia was officially opened on September 
28th at the Convocation exercises. President Alderman an- 
nounced the receipt of a gift of $250,000 given anonymously 
and unconditionally, the money to be expended at the discre- 
tion of the president. 

The attendance this session shows an increase over the record 
session of 1915-16. Already over 1,050 have matriculated 
which assures a total registration in June next of over 1,100 
students. The chief gains have been in the college and in the 
department of engineering. At present there are 132 regis- 
tered in engineering, which is a gain of 10 per cent. over last 
year. 

The following new faculty members of professional rank 
have commenced their duties: Dr. Robert Bennett Bean, pro- 
fessor of anatomy, formerly of Tulane University. Mr. J. 
L. Manahan, professor of education, formerly at Miami Uni- 

. versity. Mr. W. H. W. Pott, adjunct professor of philosophy, 
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who returns from China to take up the work here. Dr. John 
J. Luck, adjunct professor of mathematics, formerly at Van- 
derbilt University. Mr. James Kerr, adjunct professor of 
Romance languages. Dr. Arthur W. Giles, adjunct professor 
of geology, formerly at the University of Chicago. 

The promotions in the faculty since last session are as fol- 
lows: Associate Professor A. L. Hall-Quest to full professor 
of educational psychology, Associate Professor G. B. Eager 
to full professor of law, Associate Professor L. G. Hoxton to 
full professor of physics, Adjunct Professor A. G. A. Balz to 
associate professor of philosophy, Instructor L. S. Pratt to 
adjunct professor of chemistry. 

Two of the professorial staff have resigned. Associate Pro- 
fessor J. S. Grasty, of the school of geology, resigned to 
accept the newly created professorship of mining geology at 
Washington and Lee University. Adjunct Professor J. H. 
Cline, of the school of geology, resigned to enter the com- 
mercial field along mining and geological lines. 

Professor L. G. Hoxton was granted the degree of doctor of 
philosophy by The Johns Hopkins University in June and 
Professor A. G. A. Balz received the degree of doctor of phi- 
losophy from Columbia University in June. 

The new $100,000 chemical laboratory is being speedily 
erected, it will be completed about March fifteenth next. 

Work is being carried on toward the erection of the $40,000 
athletic club-house just back of the athletic field. 

A new memorial gateway is nearing completion on the 
Jefferson Park Avenue front. This gateway is donated by 
Mrs. Chas. Senff, of New York, the donor of the gate at the 
main university entrance. 

The first unit of the projected new central heating plant has 
been put into operation. 


157 


BOOK REVIEW. 


BOOK REVIEW. 


Elements of Railroad Track Construction. By Winter L. 
Wiuson, Professor of Railroad Engineering, Lehigh Uni- 
versity. John Wiley & Sons, Ine. 1915. 574. Cloth, 
402 pages. $2.50 net. 

This is the second edition of Professor Wilson’s work on 
‘*Elements of Railroad Track and Construction’’ and has been 
largely rewritten and some seventy pages of new material 
added. The book is intended as a text for classes in railroad 
construction and for this reason many of the topics are treated 
quite briefly. It should fit admirably with the time usually 
devoted to this subject, as the more important subjects can be 
supplemented by lectures. The book is well and concisely 
written and is worthy the earnest consideration of any one 
desiring a text of this kind. 

L. C. M. 
COUNCIL ACTIONS. 


The Council has approved the recommendation of the Ex- 
ecutive Committee that the Society for the Promotion of 
Engineering Education, being affiliated with the American 
Association for the Advancement of Science, shall assist in 
making the first of the greater convocation weeks a success by 
preparing a program for one session of Section D, Engi- 
neering. 

President Chatburn has appointed Vice-President Godfrey, 
Treasurer Wiley, and Secretary Bishop a Committee to ar- 
range a program. The meeting will be held in New York 
City, December 26-30, 1916. 
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Three Engineering Achievements 


First—the Panama Canal 


Where G-E Generators furnished all the electric 
power ured in building and are supplying the elec- 
tric power used for operating it to-day. G-E Motors 
helped build this canal and are operating it. 


>hen—the Catskill Aqueduct 


Where G-E equipment was selected _ 
for applying 95% of all electric power 
used in the construction and for 
practically all the power for 
operation. 


is operated throughout with General Electric Company 
equipment. 

With every form of power to choose from electricity was 
selected—with every make of electrical apparatus to 
select from that bearing the name of the General Elec- 
tric Company was used in nearly every instance. 


General Electric Company 


General Office: Schenectady, N. Y. 


District Offices in 
Boston, Mass. New York, N. Y. Philadelphia, Pa. Atlanta, Ga. Cincinnati, Ohio 
Chicago, Ill. Denver, Colo. San Francisco, Cal. St. Louis, Mo. 6508 
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This immensely valuable catalogue sent free on request 
A DESCRIPTIVE LIST OF 


TECHNICAL BOOKS 


Prepared by a Committee of the 


SOCIETY FOR THE PROMOTION OF 
ENGINEERING EDUCATION 


This is a reprint of the list issued in 1905, with a supplement con- 
sisting of newer books recommended by Epwarp F. Srevens, Librarian 
of the Pratt Instirure Free Lisrary. 

The above list includes but a small portion of our extensive stock of 
technical and scientific books. We invite correspondence with this de- 
partment of our store, and also recommend our Montuty BuLtetin oF 
New Books, giving descriptions of all new books both general and tech- 
nical, which will be sent free to any address. 


A. C. McCLURG & CO. 
218-224 South Wabash Avenue CHICAGO 


THE NEW ERA PRINTING COMPANY 


LANCASTER, PA. 


is prepared to execute in first-class and satisfactory 
manner all kinds of Printing, Electrotyping and 
Binding. Particular attention given to the work of 
Schools, Colleges, Universities and Public Institutions 


Books, Periodicals 
Technical and Scientific Publications 
Monographs, Theses, Catalogues 


Announcements, Reports, etc. 
All Kinds of Commercial Work 


Publishers will find our product ranking with the best 
in workmanship and material, at satisfactory prices. 
Correspondence solicited. Estimates furnished. 


Tue New Era Printing Company 
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For testing speeds of engines, turbines, gen- 
erators, motors, etc., use a 


. 

Jagabi Hand Tachometer 
(Type X) 

No. 200 3” diameter dial. Three ranges, 70- 
260, 200-800, 600-2400 R. P. M.; 
with separate spindle for each range. 
Direct reading. Rugged Construc- 
tion. Weight 2lbs. Leather covered 
case, with accessories as illustrated. 

No. 205 Similar to preceding; range 100-500, 
300-1500, 900-4500 R. P. M. 

Net price of either instrument, to colleges 
and technical schools, $45.00. 
We aim to carry these tachometers in stock 


—ready for prompt shipment. 


JAMES G. BIDDLE 


1211-13 Arch Street 
Philadelphia 


The Leeds & Northrup Co. 


Electrical Measuring Instruments 
of Precision 


for use in Engineering Laboratories 


Our publications contain much scientific information 
of interest to Engineers. If you are not receiving this 
literature may we place your name upon our mailing list ? 


4910 Stenton Ave. PHILADELPHIA 
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Outline 


for the Study of 


BITUMENS 


With especial reference to their use 
in Highway Construction 
With Bibliography 


Copies of this booklet sent free to any 
instructor or student 


MOVING PICTURE FILM 


(3 reels) showing the mining and refining of 
asphalt and the construction of all types of 
asphalt pavements and roads; also film (of 
particular interest to chemistry classes) illus- 
trating the Brownian movement of colloidal 


asphalt solutions. 


Loaned Free to any School of Engineering 
or Chemistry 


Address 
Educational Department 


The Barber Asphalt Paving Co. 


PHILADELPHIA, PA. 
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The Bulletin of the Society for the Pro- 
motion of Engineering Education - 


PUBLICATION COMMITTEE 
G. R. Chatburn, Henry S. Jacoby, F. L. Bishop 


The Bulletin is the official organ of the Society. It is published 
monthly from September to June. |] contains not only the text of papers 
presented before the Society, but also college notes, short contributions from 
members, and matters of general interest to all persons connected directly 
or indirectly with technical education. 

The Society comprises about fifteen hundred teachers, engineers 
and other persons interested in technical education and a considerable num- 
ber of educational institutions. 


Subscription Price 
The membership fee includes one subscription to the Bulletin. To 
non-members, and libraries, the price of the Bulletin is $2 per year. 

Libraries may subscribe for the Bulletin and Proceedings for $4 per year. 
Communications regarding subscriptions, advertising and editorial 
matters should be addressed to The Bulletin of the Society for the 
Promotion of Engineering Education, 41 North Queen Street, Lan- 
caster, Pa., or to the Editor, Dean F. L. Bishop, University of 
Pittsburgh, Pittsburgh, Pa. Remittances should be drawn to the order 

of Mr. W. 0. WILEY, Treasurer, 432 Fourth Avenue, New York. 


Miniature Precision Instruments for Direct Current 


FORTSALS Voltmeters, Millivoltmeters, Volt-Ammeters, Ammeters, Mil- 
mmeters 
are supplied in single, double and triple the Triple Volt-Am- 
ee = a six instruments in one. is group also includes BAT- 


SWITCHBOARD voltmeters, Volt-Ammeters, Ammeters, Mil-Ammeters 
pivoted moving coil, permanent magnet t, of instruments. ey em! 
characteristics which have made the well-known Weston Standard famous 
throughout the world. They are accurate, dead beat and extremely sensi- 
tive. They may be left continuously in circuit at full load and are shielded 
against external electrical and magnetic influences. They are substantially 
constructed and have longest scale provided in instruments of similar size. 
The prices are surprisingly low for instruments of such quality. 

The several models and ranges offer a selection from over 300 different com- 
binations. The Switchboard Instruments are listed in Bulletin No. 20 
Portable Instruments in Bulletin No. 501, which will be mailed upon request. 


WESTON ELECTRICAL INSTRUMENT COPIPANY 


3 Weston Avenue, Newark, N. J. 
BRANCH OFFICES IN THE LARGER CITIES 
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NEW WILEY TEXT-BOOKS 


The Design of Railway Location — 


By CLEMENT C. WILLIAMS, Professor of Railway Engi- 
neering, University of Kansas. 
A study of the physical and economic conditions that control the location 


of railways in order that their operations may be at maximum safety and 
efficiency. 518 pages, size 6x 9, illustrated. Cloth, about $4.50 net. 


Elementary Cams 


By FRANKLIN DER. FuRMAN, M.E., Professor of Mech- 
anism and Machine Design at Stevens Institute of 
Technology. 
This book gathers together, in a comprehensive and orderly manner, the 
various types of cams that are in common use. Includes practically all the 


base curves that are in common use in industrial manufacturing work. 
90 pages, size 6x9, illustrated. Cloth, $1.00 net. 


Elliptic Integrals 


By HagRis Hancock, Professor of Mathematics in the 
University of Cincinnati. 
No. 18 of the Mathematical Monographs, Edited by Mansfield Merriman 


and Robert 8S. Woodward. This book discusses elliptic integrals of the first, 
second and third kinds. 95 pages, size 6x9, Cloth, $1.25 net. 


The Elements of Refrigeration 


By Professor A. M. GREENE, JR., Rensselaer Polytech- 
nic Institute. 
This book is intended for the use of upper class men in technical schools, 
for engineers, and those operating refrigerating apparatus. This work is com- 
plete with the necessary engineering data for problem work without reference 
to other books. 478 pages, 6x 9, illustrated. Cloth, $4.00 net. 


Differential Calculus 


By Professor HENRY B. PHILLIPS, Massachusetts Insti- 
tute of Technology. 

This book covers the essentials of Differential Calculus and simple topics 
of Integral Calculus requiring only the indefinite integral. The differential is 
introduced at the beginning and made the basis of all the work. 

167 pages, size 5 x 7}, illustrated. Cloth, $1.25 net. 


JOHN WILEY & SONS, Inc. 
432 Fourth Avenue NEW YORK CITY 
London, CHAPMAN & HALL, Ltd. Montreal, Can., RENOUF PUB. CO. 
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